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JACKSON SERIES ST electrode holders offer a Sraled Tight 
mechanical cable connection that gives you practically one- 
piece conductivity between cable and holder. Tongs are of 
heat-treated 98% copper alloy. 

The stripped cable strands are completely Sealed Tight 
within a connection nut, making all-around tight metal-to- 
metal contact with the holder tong, sealed against moisture 
and dirt. The cable jacket is also Sealed Tight. The connection 
nut, by providing an all-around tight support of the cable 
jacket, allows no strain on the cable strands which usually 
occurs through flexure and tension. 

This cable connection is quick and lasting, requiring no main- 
tenance during the normal life of copper or aluminum cable. 
Large, ventilated handle threads onto a non-conductive asbes- 
tos bushing, has no direct metal contact with tong or cable 
connection, resulting in an extremely cool working holder. 
Should the “‘stinger end” of the holder require service of any 
kind, it may be quickly replaced without disturbing the actual 
cable connection. This important feature greatly reduces 
holder down-time and effects savings in cable cost. 


MODEL ST-5 
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Copper alloy lower jaw terminates in a point, 
silver-plated for greatest conductivity. When 
nut is tightened, cable strands are equally 
disposed around this point, Sealed Tight. 


The nut extends backward, forming a ferrule 
around the cable jacket. This Sealed Tight 
Connection Nut is made in sizes to fit cables 
No. 1, 1/0, 2/0, and 3/0. 


i 


For a truly permanent nut-to-cable connection, 
the ferrule of the nut is crimped around the 
cable jacket, using Jackson’s inexpensive, fast- 


acting crimping tool. 


Detachable Stinger feature enables the operator 
to detach the “stinger end’’ by unscrewing it 
from the connection nut. The cable strands 
stay in place inside the nut. 


® MADE IN TWO SIZES... 


Model ST-3, “Sealed Tight” Insulated Copper Alloy Holder 
Electrodes through 4" * 300 Amps « 10” long 

Model ST-5, ‘Sealed Tight"’ Insulated Copper Alloy Holder 
Electrodes through %”" « 500 Amps « 112 "long 


Sold Everywhere by Better 
Welding Supply Dealers 
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WARREN + MICHIGAN 
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PRESS-TIME 


NEWS 


Electroslag Welding 
Demonstrated at Philadelphia 


A vertical, automatic welding 
machine that permits continuous, 
one-pass welding of heavy sections 
and which eliminates elaborate joint 
preparation and slag removal was 
demonstrated at Arcos Corp., Phil- 
adelphia, on December 2nd, at a 
press preview. The machine 





Diagram of welding head 
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named Vertomatic—is adaptable to 
plate and forgings from 1',.-in. 
to more than 10-in. thick which can 
be welded in the vertical position. 

This breakthrough in welding- 
machine design broadens tremen- 
dously the possibilities for economic 
welding of heavy sections. 

The Vertomatic equipment is 
based on the electroslag welding 
principle, the arcless process in 
which an electric current flows 
through a pool of molten slag. 
The heated slag melts both the filler 
metal and the adjacent parent 
metal, resulting in the weld. Be- 
cause electroslag welding is a single- 
pass operation and because the slag 
remains in a molten state through- 
out, there is no interpass slag re- 
moval. In butt-joint welding, the 
heavy plate is positioned vertically 
with a 1-in. gap regardless of thick- 
ness. The ordinary oxygen-cut, 
square edges used eliminates the 
need for beveling. In 6- to 12-in. 
thick plates about '/; to '/, less 
filler metal is used than in the 
submerged-arc process. For a 
single electrode, a deposition rate 
is reported of about 35 to 45 lb/hr; 
for three electrodes, used in very 
heavy sections, the rate is tripled. 

For heavy-walled vessels, the 
longitudinal seam is positioned ver- 
tically and the welding-head assem- 
bly moves upward. Circumferen- 
tial seams are welded with the head 
in fixed position at 3 o’clock, the 
vessel rotating on turning rolls. 

Other advantages listed are: dras- 
tically reduced flux costs; no further 
handling required after welding 
starts; the machine occupies little 
space and can be moved to heavy 
work even in the field; operation is 
simple to learn. 


Paul Galton 


Ransome Re-emerges in the 
Welding Industry 


The name of ‘Ransome’ has 
re-entered the field of welding posi- 
tioners as the Ransome Co., Scotch 
Plains, N.J. The original Ransome 
Machinery Co., founded in 1850, 
is said to have introduced the first 
commercial positioner in 1932. This 
company was bought by Worthing- 
ton Corp. in 1943 and became part 
of the Worthington-Ransome divi- 
sion. The new company is now a 
wholly-owned division of the Big 
Three Welding Equipment Co., of 
Houston, Tex. 

Paul Galton, the general manager, 
states that the company will con- 
tinue in the manufacture of turning 
rolls and manipulators while enter- 
ing the field of automatic-welding 
machine tools. 


Miller Elected by NEMA 


It has been announced that Niels 
C. Miller, president and founder of 
Miller Electric Manufacturing Co., 
Inc., of Appleton, Wis., was recently 
elected to the Board of Governors of 
the National Electrical Manufac- 
turers Association. Mr. Miller will 
represent the Arc Welding Section 
on the board for a 3-yr period. 


Niels C. Miller 





SUBMERGED ARC or CO WELDING? 


HOBART’S new versatile automatic welder 
will give you BOTH processes for hi-speed production 


} 


. 


Submerged Arc Welding * 


Straight line welding can also be done 
when HOBART controls are mounted on 
a travel beam carriage, as shown above. 
Don't pass up the extra speed and lower production 
costs made possible by the new versatile Hobart Auto- 
matic Arc Welding. You'll be amazed at the extra ad- 


You'll also want to check 
into these easily portable 


“MANUMATIC”’ 
model HOA-21 


CO, Arc Welding 


vantages fully automatic welding has to offer in 
speeding production with SUBMERGED ARC or CO, 
WELDING. Hobart’s simplified controls make auto- 
matic welding easy to use and fast, without the need 
for highly skilled operators. For complete informa- 
tion, no obligation, ‘phone or write Hobart Brothers 
Co., Box WJ-10, Troy, Ohio, 'Phone FE 2-1223. 





* “MIGARC” 
model HIG-24D 
© semi-automatic 


SEMI-AUTOMATIC welders 


semi-automatic 


that can be profitably 
used in small metal 
working shops as well as 
large fabricating plants. 


for open arc and submerged 
arc welding. Speeds weld: 
ng on all general purpose 
mild steel work and is ideal 
for fast-hardsurfacing and 
build-up applications 


for inert gas or CO, weld- 
ing. Reduces fabrication 
costs using low cost wire. 
Get high quality welding. 
Increase welding speeds 3 
to 4 times faster than or- 
dinary manual welding. 








HOBART BROTHERS COMPANY, BOX WJ-10, TROY, OHIO 
Tell me more about 
Automatic Welding for submerged arc and CO, welding 
‘‘Manumatic” semi-automatic welding 
] “Migarc’’ semi-automatic inert gas welding 
[) Automatic Wire ) Flux 


WELDING WIRE & FLUX 


Hobart has a complete line of wires for 
automatic and semi-automatic proc- 
esses. A new self-peeling ‘‘Auto-Fiux”’ 
offers great savings in submerged arc 
welding. Write for complete details on 
Hobart’s line of wire and fluxes. 
Name__ 


Sign and mail coupon today!» 


, For details, circle No. 2 on Reader information Card 


Address__— 


_______. Zone___ State 





City__ 
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A %-in. stainless-steel butterfly valve disk is automatically 
welded at Allis Chalmers’ West Allis, Wis., works. One of 
eight, the valves are part of the fish-attraction system on the 
Snake River, Wash. 


wees 


Po 
The world’s first heated, open-air stadium is Candlestick 
Park, the new home of San Francisco’s baseball Giants. Hot 
water, circulated through the welded lengths of more than 
35,000 ft of 3/,-in. 4-D wrought-iron pipe, warms the 20,000 re- 
served seats during cool, summer San Francisco night games 
and for the football season 


oN > Bt ft 





Inside view of the 105-ton reactor vessel showing the preci- 
sion construction which will house the nuclear fuel to propel 
the ‘‘N.S. Savannah,”’ world’s first atomic-powered cargo- 
passenger vessel. Built at Babcock and Wilcox’s Barberton 
plant, the entire interior surface of the 6.5-in. thick pressure 
vessel is stainless-steel cladded by a patented process 


For details, circle No. 3 on Reader Information Card——> 
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Like the phoenix bird, Ransome is born anew! 
Huddled around a campfire somewhere in the Arabian deserts, they often tell the 
legendary tale of the phoenix bird, a mythical creature destined to flourish a number of 
years, to fade away, and then to emerge again in greater glory. 


In the welding industry, they're telling the remarkable story of the Ransome Machinery 
Company. Born 110 years ago, Ransome established itself as a prime supplier of fine 
machinery. In 1932, Ransome pioneered positioning equipment for the welding 
industry. Then in 1943, Ransome was merged with the Worthington Corp., and 
progressed as a subsidiary of that company. 





Today, having bought Worthington’s positioning equipment business, the 
Ransome name shines anew. Organized once again as an independent 
entity to be known as Ransome Company, Ransome is infused 
with young bloods eager to prove their mettle under the 
veteran top management that directed the division 

while part of Worthington. 








ee The new Ransome Company pledges to uphold its 
. ae a heritage of fine craftsmanship and service and” 
ff = 
+, V// > re-dedicates itsélf'to the design and manufacture 
a“? // — of the most advanced machine tools for auto- 
—, 
SAN aS = mation welding. 
4 | Nie PAG \ SS Ransome combines the best of the old with 
om 
get 7/11 — YY fhe newest Callon.the new Ransome Com- 
__ if —>- we 4 pany for creative imagination in filling 
Zi ( =/ Uf oon toa Pe your automatic welding needs 








Scotch Plains, New Jersey 





WORLD-WIDE WELDING NEWS 


AUSTRIA 
Theory Upheld 


The metallurgy and practice of 
welding stainless-clad steel are dis- 
cussed by a Czech author in 
the Austrian welding magazine 
Schweisstechnik (Vienna). The 
Czech theory of oxygen embrittle- 
ment of austenitic stainless steel is 
upheld. In butt welding clad steel, 
it is recommended that a bead of 
mild-steel low-hydrogen electrode be 
deposited on the clad side before the 
stainless weld is made. Pick up of 
carbon by the stainless from the 
plate is reduced in this way. 


CZECHOSLOVAKIA 


Welding Conference 


The Czech welding magazine, 
Zvaranie, for March, 1959, contains 
papers read at the Third Welding 
Conference held in October, 1958 
at the electrode plant of the A. 
Zapotocky Steel Works in Vam- 
berk. The first paper reviews the 
history of electrode production at 
Vamberk and also at Witkowitz, 
Poldi, and other Czech plants. 
The principal point of the article is 
to explain the plans for increasing 
manual-electrode production by 
nearly 100% and automatic elec- 
trodes by 200% by 1965. In 1958 
about 25% of the production at 
Vamberk was exported. The his- 
tory of structural welding in Czech- 
oslovakia was reviewed briefly by 
Prof. Faltus. 

Three papers dealt with stainless 
steel. One describes the copper 
sulfate-sulfuric acid and nitric acid- 
fluoride tests for intergranular cor- 
rosion resistance of stabilized stain- 
less steel welded by submerged-arc, 
argon and CO, processes. The 
argon-arc process provided best 
stabilization by titanium or colum- 
bium. The second paper discusses 
austenitic electrodes for high-pres- 
sure, high-temperature steam (2800 
psi, 1200° F). The preferred lime- 
Dr. GERARD E. CLAUSEN is associated with 
Arcrods Corporation, Sparrows Point, Md 
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base electrode deposited weld 
metal containing 0.10% C max, 17% 
Mn, 0.6% Si, 0.030% P, 0.030% 
S, 7.0% Cr, 0.6% Mo, 0.8% Cb 
+ Ta. The crack resistance of 
this '/;-in. electrode was good in the 
round-bar test (DIN 50329) if the 
travel speed did not exceed 5 ipm. 
The third paper presented an in- 
teresting ternary diagram showing 
the limits of hot cracking of Type 
310 weld metal as a function of Si, 
Mn + C, and P + S. Rutile 
coverings were found to be more 
conducive to cracking than lime. 

An electron-microscope study of 
the changes in structure of hard 
surfacing alloys of the stellite and 
other types after 500 hours at 
1300)° F was reported. The CrC; 
and Cr.;C, phases were isolated. 
The last paper described the sub- 
merged-arc welding of power boiler 
drums up to 5 in. thick in the Wit- 
kowitz Steelworks. The steel con- 
tained 0.22% C max, 1.20% Mn, 
0.10-0.25 V, while the electrode 
contain 1.4-1.7% Mn, 0.3-0.5% 
Mo. Impact properties were im- 
proved by stress relieving. 

The April issue of the Czech 
magazine, Zvaranie, contains the 
following articles: 


1. The deposition rate of covered 
electrodes in grams per ampere- 
minute was found to increase from 
0.16 to 0.19 as the iron-powder 
content was increased to 42%. 
The effect of various iron and man- 
ganese ores was studied, and a Rus- 
sian electrode with 0.209 g./amp.- 
min was mentioned. 

2. A spot welder is described 
using °/,, and */-in. covered elec- 
trodes. 

3. The manufacture of con- 
tinuous tubular electrodes for hard 
surfacing from mild-steel strip 0.032 
x 0.59 in. is described. The elec- 
trode is 0.14 in. diam, is used with 
submerged-arc fiux or CO, at 370 
390 amp, and deposits steel con- 
taining 0.30% C, 2% Mn, 2.5% Cr, 
9% W, 0.2% V. 

4. Special inert-arc torch nozzles 
arc described for the economical 
welding of narrow, deep grooves in 
aluminum. 


by Gerard E. Claussen 
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EAST GERMANY 


Fracture Bands 


The pearlite banding observed 
in normalized weld metal (0.12% C, 
0.43% Si, 1.50% Mn) deposited 
by a low-hydrogen electrode was 
shown by an East German investi- 
gator at the Freiberg Mining 
Academy in Schweisstechnik (Berlin) 
to be due to segregation of man- 
ganese. The banded weld metal 
had excellent bend ductility, unless 
it was charged with hydrogen. 
Cracking then occurred at a bend 
angle of 60 deg, the fracture follow- 
ing the ferrite bands. 


Tension Fatigue 


The May 1959 issue of the same 
magazine contains two articles on 
the fatigue strength of welds. An 
article from the Freiberg Mining 
Academy reports large fish eyes or 
flakes '/, in. or more in diam in the 
fractured surfaces of tension fatigue 
specimens of mild-steel weld metal 
that had been charged with hydro- 
gen. Eccentric loading caused the 
fish eyes to become elliptical. The 
second article reports axial tension- 
compression fatigue results on un- 
machined and smoothly-machined 
butt welds in mild steel made in 
horizontal and overhead positions 
with 6013, 6020 and 7016 types of 
covered electrodes. The smoothly 
machined specimens had as high 
fatigue strength as base metal with 
mill scale, 31,000 psi. The vertical 
and overhead butt welds without 
machining ranged from 16,300 to 
20,500 psi. Smoothly-machined 
submerged-arc welds had at least 
as high fatigue strength as base 
metal with mill scale. Without 
machining, submerged-arc welds in 
mild steel had a fatigue strength of 
17,800 psi, but in low-alloy steel 
(0.19% C, 0.60% Si, 1.56% Mn, 
0.26% N) the fatigue strength was 
25,600 psi. 


Tubular Frames 


A general discussion of welded 
joints in steel structures and bridges 





Try Line's New “SIGMETTE” Torch! 
-PORTABLE, COMPACT 


WELDING CURRENT GUIDE TUBE 
LOCKING KNOB 


Guide tube locking knob releases guide 
tube for quick and easy replacement 


ARGON GAS 





FEED ROLL 


TRIGGER 


Pull the trigger, and the fiow of shielding gas 
starts. Strike the wire to the work to establish 
the arc and start wire feed. Release the trig 


ger, and the entire operation stops W | R E S Pp 0 0 L 
Wire spool positioned for balzace and 


WIRE FEED MOTOR visibility. Holds .030, 3/64, or 1/16 
in. aluminum wire, and .030 in. car- 
bon steel wire 


INCHING SWITCH 


Here's the torch that goes to the job—lets you work in any 
position ... in confined spaces... at distance remote from 
the power source! 

Designed for Sigma welding of light metals, the “Sigmette” 
torch is compact and sturdy. Notice the thin silhouette and 
position of the spool for complete visibility. Torch and con- 


trol are completely insulated and grounded —the operator is 


protected from electrically “hot” parts. And the only main- 


tenance tool needed is a screwdriver! 
Find out how Linde’s new “Sigmette™ torch can speed your 
operations, bring new economies through its advanced de- 
sign features. For a free demonstration and detailed informa- 
tion, mail the coupon today or call the nearest Linde Office. 
Complete unit —torch weighs 3 pounds, 1 oz.; control 
Dept. WJ-01, Linde Company weighs 19 pounds, 2 0z.; Current rating, 125 to 200 amp.; 


Division of Union Carbide Corporation Welding power, direct current reverse polarity 
30 East 42nd Street, New York 17, N.Y. 


Please send complete facts on the new “Sigmette” torch. 


Please arrange to let me try it. 
Name 


Firm Name 
Street : el Site). | 
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is also given by K. Latzin. The 
prestressing of welded frames and 
of trusses made of tubes is described, 
as well as methods of utilizing 
bulb sections in welding. 


Slag Properties 


The Central Welding Institute of 
East Germany measured the vis- 
cosity of slags held in a cylindrical 
crucible with a rotating inner cylin- 
der. High-frequency heating and 
argon atmosphere were _ used. 
Three submerged-arc fluxes and a 
slag from a low-hydrogen electrode 
were tested from 1800 to 2650° F. 
Two submerged-arc fluxes (about 
25% CaO, 20% MnO, 45% SiO, 
solidified very rapidly which was 
believed to account for easy slag 
removal and suitability for welding 
on curved surfaces. One solidified 
at 1950° F, the other at 2280° F. 
The third flux contained 36° Al.Os;, 
26% SiO;, 139% MnO and had a 


long freezing range (glass). The 
low hydrogen slag (44% CaO, 25% 
SiO.) froze between 2100 and 2200° 
F. 


SOVIET UNION 
Welding Goals 


The Russian magazine Svar- 
achnoe Proizvodstvo for May 1959 
has a lead article on the expected 
growth of the gas welding and cut- 
ting industry in Russia. The out- 
put increased 16.2 times from 1940 
to 1958, while the output of steel 
only tripled in this period. A fur- 
ther increase of 40 to 100% is ex- 
pected by 1965. 

The Russian plan for increase 
in welding technology from 1959 
to 1965 calls for an increase in 
automatization of welding in ship- 
building from 56% in 1958 to 85% 
in 1965 and, in general, machine con- 
struction from 48 to 68°. To meet 





SWITZERLAND 


Welded structural frame of large warehouse 
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the demands for laboratory work to 
attain this growth, a_ centralized 
welding laboratory has been founded 
in Kaliningrad on the Baltic. 
Fields of interest will be mech- 
anization of ship and tractor weld- 
ing, inert-gas and CO, arc welding, 
electroslag welding, pu~er-core 
wire for depositing high-speed 
steel, and surfacing and metallizing 
techniques. 


Prizes Awarded 


The first prize of 5000 rubles 
and an honorary plaque in a com- 
petition for the best development 
and application of welding in the 
Russian machinery industry in 1958 
was won by a team of 17 engineers. 
Two of their developments were 
electroslag welding of Type 321 
stainless-steel flanges 8- to 9-in. 
thick, 63- to 106-in. diam., and the 
surfacing of steel plates with a 
hard alloy (3-3.5% C, 22-27% Cr, 
1.5% W, rem. Fe). The latter was 
accomplished by coating a steel plate 
with the requisite alloying materials 
and depositing it in the horizontal 
position with an intervening layer 
of high-manganese submerged-arc 
flux. The arc was struck at one 
corner and consumed the electrode 
plate. The current was 6 to 9 
amp ‘sq mm. of electrode-plate cross 
section. The second prize of 3000 
rubles went to a condenser dis- 
charge welding machine for bicycle 
frames. A similar competition was 
held in 1959. 


Stainless-steel Cutting 


Two articles in the May issue of 
the Russian magazine deals with 
the cutting of stainless steel. One 
describes the oxyacetylene-iron 
powder process, giving drawings of 
the powder dispenser and torches 
for manual and automatic cutting. 

The other describes nitrogen-arc 
cutting for plates up to 2 in. thick 
without adhesions on the lower 
edge of the cut. 


SWITZERLAND 
Welding Growth 


The annual report of the Swiss 


Welding Society for 1958, Zeit. 
Schweisstechnik. makes it clear that 
the welding business was as good as 
in 1957. There was some difficulty 
in securing import permits in South 
American countries. The Society 
presented 81 welding courses to 
1092 students during 1958. The 
new welding school (15,000 sq ft 
floor area) in Basel accommodates 
20% more students than previously. 





Every Hour M. S. Little Brass Goods Company 
Makes 650 Appliance Fittings Better 


With HANDY & HARMAN SILVER BRAZING 


ia 
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Rotating jig showing mounted assemblies entering and leaving gas-air furnace. 


This Hartford, Connecticut, company makes—in volume—an assembly that goes into 
the overflow system of household appliances. The assembly consists of brass tubing and 
a machined brass casting. The two components are joined by a preplaced ring of 
Handy & Harman Easy-FLo 45 silver brazing alloy and HANDY FLux. Heating is auto- 
matic gas-air; parts are placed on a rotating turntable to pass through the gas furnace. 
Every 60 working minutes, 650 assemblies are completed. 

The advantages here are that the manufacturer can use thin-walled tubing with 
heavier, threaded components at no sacrifice in strength. Because of Easy-FLo’s 
penetrating qualities, the entire shear area is fully as strong as the selid parts of the 
assembly, yet considerably lighter. And, casting and machining the components for this 
assembly have been greatly simplified. 

Are you in pursuit of a metal-joining method which offers—among other advantages 
—high, uninterrupted production at low capital investment? You may easily find the 
answer in Handy & Harman silver brazing. Hundreds of manufacturers and fabricators 
of as many different products, parts and components are right now enjoying the speed, 
economy, strength and flawlessness of brazing. You can too. Just ask Handy & Harman, 
Left— brazed assembly. Right— components 82 Fulton Street, New York 38, N. Y. 


with preform ring of Easy-FLo 45, 
COMING IN NOVEMBER! 
New Handy & Harman Brazing Correspondence Course. Simple self-study data on all 
phases of brazing. Send for details to Dept. BC. 


. 


FOR A GOOD START: Your No.1! Source of Supply and Authority on Brazing Alloys Offices and Plants 
" Bridgeport, Conn 


BULLETIN 20 _. , - E Chicago, Il. 
This informative booklet gives a = way 
good picture of silver brazing and Detroit, Mich. 7 
its benefits . .. includes details on Y New Yon LY. 
alloys, heating methods, joint de- H a N D & Hi A R Mi A Bi Providence, R. a ” 
sign and production techniques. General Offices: 82 Fulton St., New York 38, N. Y. ay 
Write for your copy. DISTRIBUTORS IN PRINCIPAL CITIES Toronto, Canada 
For details, circle No. 5 on Reader Information Card 
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2. Using 5 /32-in,“141” Nickel Electrode, 3. After 3/16-in nickel overlay has been 
weldor overlays copper with overlap- applied to pre-heated copper, 40° 
ping beads. The two layer overlay is bevel is restored. Straightedge is 
run well over the edges of the bevel. used to assure bevel is even and true. 


1. After beveling both copper and type 
347 stainless steel to provide an 80 
included angle, »s-in copper speci- 
men is pre-heated to about 1000°F. 


6. Chipping out slag and wirebrushing is 
important to quality of final weld 


properties. Weld should not extend 
beyond the nickel overlay on copper. 


4. Type 347 stainless steel, left, is posi- 
tioned with copper to allow root spac- 
ing of ¥-in. Both ends of the cop- 


that alternate between sides and mid- 
dle of root. Current is now 200 amps. 


per to stainless joint are then tacked. “141” Electrode is 3/ 16-in diameter. 


7. Closeup of the final weld shows even 8. Cross section of weld, after etching 9. Longitudinal bend test proved no 


contour, good fusion and good pene- 
tration. Copper is on the left, type 
347 stainless steel is on the right. 


and macro examination, shows no 
porosity, cracking, fissures, slag en- 
trapment. Weld is then tested further. 


failure. Copper to stainless weld is 
strong, ductile,sound. Short gauge ten- 
sile test broke in copper at 33,200 psi. 


How to weld Copper to Stainless Steel 


Of all the so-called “problem joints,” welding copper 
to stainless steel is considered one of the most diffi- 
cult. Many weldors say it’s impossible. But it can 
be done ... and done well with Inco “141”* Nickel 
Electrodes. Or with Inco “61”* Filler Wire if you're 
set up for MIG or TIG welding. 

Above, we have outlined a recommended proce- 
dure for welding copper to stainless steel. Your local 


distributor of Inco Welding Products, listed under 
“Nickel” in the classified, can give you more informa- 
tion, as well as the sizes and prices of “141” Nickel 
Electrodes and “61” Nickel Filler Wire. = *inco trademark 


HUNTINGTON ALLOY PRODUCTS DIVISION 
The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 


UN 
,INCO, WELDING PRODUCTS 


electrodes * wires « fluxes 





TRADE MARK 
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Optimism is a characteristic American trait. 
We tend to see a bright future for nearly every- 
thing we like, whether or not the facts justify 
such an outlook. At the present stage in welding 
technology, however, the facts speak convinc- 
ingly. No matter how critically you examine 
them, they forecast expanding horizons for weld- 
ing and similar metals-joining techniques. 

In the past fifteen years, tremendous progress 
has been made in welding processes and materials. 
There have been several major developments in 
resistance welding, some five or six gas-shielded 
been developed, the 


welding have 


plasma jet has come into use for cutting and 


processes 


joining, improved power sources have been de- 
veloped for arc welding, advances have been 
made in covered electrodes and in brazing, and 
electron-beam and ultrasonic techniques have 
appeared. 

We can 
metals and structures that 
before. Strengths up to 250,000 psi can be at- 
tained in weld joints, and we can produce welds 
that satisfy stringent requirements for precision, 
Braz- 


now weld better, and we can weld 


were not weldable 


heat resistance and corrosion resistance. 
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GOLD STAR SR 


This d-c rectifier type welder does more things bet- 
ter than any other welder of its class because — 
a. Its new transformer (Miller designed and 
built) has integral flux diverter. 
b. Its new weld stabilized circuit delivers the 
ultimate in speed of metal deposition. 
c. Its new completely sealed semi-metallic rec- 
tifier — designed for welding — provides the 
most efficient d-c for welding ever devised. 


These features contribute to the 
Gold Star SR's greater arc stability, 
denser welds, easy arc starting and 
flexibility to handle all electrodes 
in all positions. 


Performance-proved 
wherever profits are im- 
portant, the Gold Star 
SR is available in single 
and duplex models of 
200 to 1200 amperes at 
60% duty cycle ratings. 


"...ifit's MILLER 


you know it’s the finest...” 


The features that set the SR above and beyond the normal standards of welder 
performance belong to the SRH also. But, in addition to the horizontal design for 
easier stacking and paralleling, this welder has an “all-weather” construction that 
includes baked varnish coated transformers and rectifiers plus phosphatizing and 
painting of all base and sheet metal — even fan blades. Cam-Lok receptacles 
are standard equipment. The Gold Star SRH welds real well. 


Complete specifications on these Gold Star models will be sent promptly. 


SUBETTEES® Electric Manufacturing Company, Inc., arreLeton, wisconsin 


EXPORT OFFICE: 250 West S7th St New York 19, W.Y. © Distributed in Canada by Canadian Liquid Air Co td Montreal 
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Fig. 1—Web and flange material for plate girders is spliced using the automatic submerged-arc welding process 


Advanced techniques developed for the application of the submerged-arc 
and magnetic-flux gas-shielded processes make it possible to use 


Automatic Welding Procedures in the Fabrication of 


Plate Girders 


ZWISSLER 


BY C. A, 


The fabricating of steel bridges in this country has 
been, and still is, a very substantial percentage of 
the fabricated structural steel market. 

Welded bridges are not a recent development, the 
first one appearing in the United States in 1927. 
This was a 135-ft skew truss span for the Boston and 
Maine Railroad at Chicopee Falls, Mass. In 
1929, the first welded highway bridge appeared in 
Poland. This bridge was also a truss-type span. 
The largest welded span in the world is now a 
676-ft plate-girder bridge over the Rhine River at 
Dusseldorf, Germany. However, one of the largest 
welded structures in the world is the Bayshore 


C. A: Zwissler is a Welding Engineer for Kaiser Steel Corp., Los 
Angeles, Calif 


Freeway in San Francisco. This is an elevated 
roadbed containing some 26.000 tons of steel with 
approximately 2'/, million linear feet of welding. 
It can be seen, therefore, that the welded bridge is 
not a new concept, only one where once again welding 
has proved itself as one of our most versatile pro- 
duction tools. 

With the advances in welding processes and the 
knowledge gained from these many years of experi- 
ence, many State highway departments are pro- 
gressing in both design concepts and their trend 
toward welded structures. Notable in this crusade 
are the States of California and Texas. 

This paper will deal with some of the develop- 
ments in plate-girder fabrication with particular 
attention to the welding of stiffeners in these girders. 
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Fig. 2—Backscarfing of splices in flange material is 
accomplished with this semiautomatic application 
of the compressed-air carbon-arc process 


es, 


Fig. 3—After having completed flange splices, material 
is stripped to the required width on this oxygen-cutting table. 
The table has a capacity of stripping plates as large as 108 
in. wide x 150 ft long 


so ; 
ET op 


Design 

In most instances, modern plate-girder bridges 
are of composite construction. They usually have 
relatively light web plates in relation to the thickness 
of their flanges. These thin webs necessitate the 
use of intermediate web stiffeners. Load transfer 
from the concrete deck to the girder is accomplished 
through the use of shear connectors. Shear connec- 
tors can assume several forms; however, stud welding 
of a headed stud is the most widely used method 
today. Girders as long as 170 ft, with spans up to 
150 ft, have been built. In addition to longer 
spans, design is beginning to reach into higher- 
strength steels, such as the low-alloy, high-tensile 
group ASTM A242. Welding has also extended 
into the larger truss-type bridges, where built-up 
members are fabricated in the shop and assembly 
in the field is made either by riveting or with high- 
tensile bolts. An example of this type of bridge is 
the Carquinez Bridge over the Carquinez Straits in 
northern California. This bridge was made entirely 
of welded members and assembled in the field by 


19459 


Fig. 4—To avoid porosity in fillet welds joining the web and 
flanges of plate girders, the joint areas are shot blasted 
prior to welding with this portable, self-recovering shot-blast 
unit 


high-tensile bolts. Many of the tension members 
were fabricated from T-1 steel. 


Fabrication 


There are as many approaches to plate-girder 
fabrication as there are fabricating shops. How- 
ever, plate girders are a product which, at 
least in geometric configuration, remains basically 
the same from job to job. This type of product 
lends itself well to production-line techniques, em- 
ploying considerable tooling for its manufacture. 

It would be advisable, at this point, to review 
briefly one approach to this problem. The plate- 
girder line at the author’s plant consists basically 
of ten stations in which specifically assigned opera- 
tions are performed in each station. In the first 
station, web and flange material are prepared for 
weld splicing. Plates are purchased in the widest 
possible multiples and are spliced prior to stripping. 
The plates are layed out on permanent horses 
against plate stops for longitudinal alignment. 





Fig. 5—Plate-girder assembly fixture shown in loading position. 


are removing welded girder from the fixture 


Fig. 6—Assembly fixture in tilted position for welding 


The plates are then trimmed and the edges prepared 
Welding is accomplished with auto- 
Figures 
1 and 2 show the automatic welding and scarfing 
After the splicing 
has been completed, the plates are moved to Station 
No. 2 where they are stripped to the required width. 


for welding. 
matic submerged-arc welding equipment. 


equipment used in this station. 


Figure 3 shows this stripping operation. The strip- 
ping table at this station can accommodate plates 
up to 9 ft wide and 150 ft long. The table is also 
capable of stripping web plates with a smooth curve 
for dead-load deflection. From Station No. 2, 
the completed flange and web plates are moved to 
Station No. 3. for storage prior to the girder as- 
sembly. 

During this storage period, the weld-joint areas 
on the web and flanges are shot blasted. This 
cleaning operation is accomplished with a portable 
self-recovering shot-blast unit, as shown in Fig. 4. 
The next station is the girder-assembly fixture. This 
fixture is a large table on which the flanges and webs 


are loaded. Large pneumatic hoses are used to 


Large overhead cranes 


Fig. 7—Another view of fixture in tilted position 


force the flanges against the web. A maximum 
force of 4 tons per lineal foot can be provided. 
After assembly of the web and flange plates, the 
entire fixture can be tilted in either direction, for 
welding the longitudinal fillet welds. The welding 
machine runs directly in the web of the girder with 
the cables, flux-recovery equipment, etc., being 
carried by an automatically traveling jib crane which 
follows the welding machine. Figures 5, 6 and 7 
show this fixture and the equipment in the various 
stages of the production cycle. 

The longitudinal fillet welds joining the web and 
flange are welded on one side only in the fixture. 
After these welds are completed, the assembled 
girder is moved to Station No. 5, where the girder is 
positioned for welding the second side. Welding in 
both Station No. 4 and No. 5 is accomplished with 
automatic submerged-tandem-are welding. At Sta- 
tion No. 5, two 1500-amp a-c transformers, Scott 
connected, provide the power for welding. Fillet 
« in. in size, are deposited at approximately 
with a 


welds °* 
45 ipm using two °/3-in. diam electrodes 
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Fig. 8—Plate girder after removal from assembly fixture, 
showing modern multiwire, multipower, tandem-arc sub- 
merged-arc equipment used to weld the second side of the 
girder 


combined amperage of about 1700 amp. This 
machine is shown in Fig. 8. At Station No. 6, the 
assembled girder is laid down horizontally, at which 
time the stiffeners are fitted and welded. Welding 
is accomplished using a specially designed machine 
employing the magnetic-flux gas-shielded welding 
process. This machine is shown in operation in 
Fig. 9. Subsequent operations such as the assem- 
bling of detail, sole plates and the stud welding 
of shear connections are performed in the remaining 
stations. The shot blasting, painting and shipping 
area of the completed girders is shown in Fig. 10. 


Stiffener-welding Operation 

In the development of bridge-girder fabrication 
in our plant, we have made several revisions in general 
procedure such as the splicing of plates in multiple 


widths before stripping. We also have made im- 
provements in facilities, such as more advanced 
submerged-arc techniques, a new assembly fixture, 
handling and shot-blasting equipment. In spite of 
all this, we were faced with one operation which has 
remained substantially the same as methods em- 
ployed over the past several years. This operation is 
the fitting and welding of stiffeners in the assembled 
girder. Surprisingly enough, if we examine this 
operation, we will find that it comprises approx- 
imately 20% of the total labor hours in the girders. 
The welding of stiffeners comprises approximately 
12% of the total man-hours in the girder. We can 
see, therefore, that any savings in this operation 
could represent a substantial over-all savings in the 
total product cost. 

With this in mind, we set out to develop a method 


1960 


Fig. 9—Automatic magnetic-flux gas-shielded welding 
machine shown in operation, installing web stiffeners in 
plate girders 


of welding stiffeners in the girder which would be 
both economical and reliable. The selection of the 
welding process and its application to the operation 
was based on the following criteria: 

1. The process must produce welds of uniform 
appearance, free from undercut, porosity or struc- 
tural discontinuities. The weld or heat-affected 
zone must have a maximum hardness of 175 Brinell. 

2. Because of slight unfairness in stiffeners and 
or webs, and because of the necessity of completely 
welding the full length of the stiffeners, it was felt 
that a rigidly mounted torch with suitable adjust- 
ments was preferable to any mechanical guiding 
arrangement. 

3. Equipment should be as compact and port- 
able as possible to minimize both set-up time on 
each stiffener and movement from one girder to 
another. 


Selection of Welding Process 


In evaluating processes for this application, one 
of the gas-shielded processes was selected. This 
selection was made for the following reasons: 

1. Because of the decision to use a rigidly 
mounted torch instead of a “‘floating’’ head, it was 
felt that more accurate operator-guiding control 
could be maintained with an open-arc process. 

2. The need for compactness and portability 
made the gas-shielded processes look desirable 
because they eliminated the need for flux-recovery 
equipment to recover unfused submerged-arc fluxes. 

The specific choice of the magnetic-flux gas-shielded 
process was a question of quality. It was felt that 
the use of only a gas shield, such as CO, or argon- 





oxygen mixtures, would not provide welds of suitable 
quality because of the quality of the base metal and 
the fact that it was not economically feasible to 
clean the weld areas prior to welding. Our experi- 
ence with the magnetic-flux gas-shielded process, 
however, indicated that the process was fairly 
tolerant to rust and mill scale, etc. This is un- 
doubtedly due to deoxidizers in the flux. 


Design of Equipment 

In designing these welding machines, the question 
arose as to whether or not we should attempt to 
weld both sides simultaneously. For the following 
reasons, we decided to build two machines, one for 
each side of the stiffener: 

1. Our experience in tooling for heavy structural 
welding indicated that the simpler the tool, the 
more reliable the operation. Therefore, from both 
an operator and maintenance standpoint, we elected 
to weld one side at a time. 

2. Stiffener-welding machines for welding both 
sides simultaneously can often get so complicated 
and bulky that they require two operators to handle 
them. Thus, there is no real labor savings in 
welding two sides simultaneously, using two 
operators, as contrasted with welding each side 
separately with one machine and one operator for 
each side. 

With this decision made, the basic concept of the 
machine was already laid out. It was decided 
first that the girder itself provided a “‘ready-made”’ 
track. Therefore, the base of the machine became 
a simple bridge crane which would run cm the 
flanges of the girder. One set of wheels became a 
carriage on machined ways to provide adjustment 
for girders of varying depths. The bridge was 
constructed of a 10-in. 15.3-lb channel which also 
serves as a track for the tractor-mounted welding 
equipment. 

In studying the stiffener-welding operation, we 
found that the operator factor at this station was 
running approximately 50%. The deposition rate 
of the E-6024 electrodes used in this operation was 
averaging between eight and nine lb per hour based 
on 100% arc time. It can, therefore, be seen that, 
in order to utilize fully any automatic welding, 
the set-up time for each weld must be kept to a 
minimum in order to approach or duplicate the 
present operator factor using covered electrodes. 

With this in mind, extreme care was taken to keep 
everything as simple as possible. Locating of the 
machine for welding is accomplished with ‘“‘flop 
down” locators. The torch and adjustments are 
also shaft mounted so they may be rotated into 
place for welding and raised for moving to the next 
stiffener. Finally, it was decided to take what had 
been essentially a semiautomatic process and to 
make it into an automatic process. Chiefly, the 
modifications consisted of: 

1. Use of constant wire-feed-speed automatic 
control which provided amperage and voltage 


Fig. 10—Completed bridge girder, shot 
blasted. Girder is shown after passing 


through shot-blast cabinet shown in the background 
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Table 1—Cost Comparison of Automatic Stiffener 
Welding Method vs. the Use of Manual Welding 
with Covered Electrodes 

Magnetic-flux gas- 


E-6024 Electrode shielded welding 


Electrode, 20 Ib at $0.21/ib $4.20 12\Ibat$0.20/ib $ 2.40 
Ib/100 ft 


Flux consumption 
0.6 Ib/ib wire es as 7.2 Ib at 
$0.384/Ib 
CO: (flow rate 45 
cfh) one ime 27 cu ft at 
$0.01/cu ft 
Total arc hours 20 ib at ak 12 Ib at 19 
9 Ib/hr = 2.2hr ib/hr = 0.63 hr 


Labor hours: 
50% oper. fac- 
tor—hand 4.4hr at $2.72/hr 11.97 
40% oper. fac 
tor—auto =e ses 1.57 hr at 
$2.72/hr 


Fig. 11—Front quarter view of automatic magnetic- Total direct cost 
flux gas-shielded machine for stiffeners, =o me : 
. one © overnhea 

shown with torch in raised position Total coat with 
150% overhead 





control at close hand for the operator. It also al- 
lowed wire-inch and retract controls without the 
wire being “hot.’”’ Welding power was supplied by 
a 750-amp constant-potential rectifier. 

2. Mounting of the revised unit on a self- 
propelled tractor and providing a current relay to 
supply automatic travel start and stop. 

The machine in its final form is shown in Fig. 
a2. 


Cost Reduction 


The previous method of welding the stiffeners in 
the girder was by manually welding with E-6024 
electrodes. The machines built to replace this 
operation were able to maintain approximately the 
same operator factor. The switching from manual 
to automatic welding with the magnetic-flux gas- 
shielded process resulted in a savings in that opera- 
tion of approximately 50%. As previously men- 
tioned, this operation represented about 12% 
of the total direct-labor hours in the girder; there- 
fore, a 50% saving in the operation represents an 
over-all saving in the direct-labor hours of approx- 
imately 6%. This cost reduction is shown in 
Table 1. 

Figures 12 and 13 illustrate examples of the 
welds produced. Welds are made using ‘'/;-in. 
diameter wire at 540 amp and 31 v at a speed of ap- 
proximately 25 ipm. 


Fig. 12—View showing typical '/,-in. fillet welds produced 
with magnetic-flux gas-shielded welding equipment 


Conclusion 
Welded plate-girder bridges face some _ very 
able economic competitors, particularly in the 
shorter span, prestressed and poststressed concrete 
bridges, and it is only through diligence on the part 
of steel fabricators that this competition can be 
overcome. It is necessary for all members of this 
Fig. 13—Etched cross section of */,-in industry to maintain a constant search for more 
fillet welds produced with magnetic-flux advanced design concepts and more efficient methods 
gas-shielded welding equipment for fabricating plate girders. 


18 | JANUARY 1960 





Fig. 1—Foil-butt-seam welding machine 


Butt Welding Steel Sheet by the 
Foil-Seam Process 


is accomplished by introducing a thin, 
narrow strip of mild steel on both sides 
of the abutted workpiece edges and 
passing this “sandwich” between 

roller electrodes 


BY L. W. MECKLENBORG 


Introduction 

The more common methods available for making 
butt-seam joints on steel sheet stock have been lim- 
ited to five: namely, fusion welding, brazing, flash and 
upset-butt welding and, by virtue of its end result, 
mash-seam welding. The advantages and limita- 


L. W. MECKLENBORG is Development Engineer, Precision Welder & 
Flexopress Corp., Cincinnati, Ohio 


Paper presented at the AWS National Fall Meeting held in Detroit, 
Mich., Sept. 28 to Oct. 1, 1959 


tions of these processes are well known and their 
suitability for a given application may be readily 
ascertained; however, within the past few months a 
sixth method, foil-butt-seam welding was introduced 
to American industry. This process originated in 
Germany and has been in widespread use throughout 
Europe for several years. Recently, through a li- 
censing agreement, foil-butt-seam welding equip- 
ment has been made available in the western hemi- 
sphere. Very little data have been published on 
either the welding techniques used or the resulting 
characteristics of the butt-seam joints, thus making it 
difficult to determine the applicability of the process. 
This report will serve to introduce and describe the 
process and will present data which will offer some 
relief from this situation. 


Description of Process 

A foil-butt-seam weld is made by butting together 
the edges of the parts to be joined and passing this 
joint between roller electrodes in the -onventional 
manner except that a thin, narrow strip of steel is in- 
troduced above and below the joint as it enters the 
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Fig. 2—Schematic arrangement of roller electrodes, 
foil guides, foil and workpieces. 






































Fig. 3—Mode of weld formation 


roller electrodes. This strip or foil is usually '/s; to 

, in. wide and 0.010 in. thick. The foils F; and 
F, are shown in Fig. 2 between roller electrodes R; 
and R, and the butted steel sheets A and B. 

The primary functions of the foil are: 

1. It serves to concentrate the welding current in 
the immediate area of the weld joint. 

2. It contains the plastic weld metal and prevents 
expulsion. 

3. It serves as a bridge to distribute the welding 
current evenly between the two sheets. 

4. It prevents too rapid withdrawal of heat from 
the work. 

5. It gives a slightly raised weld bead as opposed 
to the excessive indentation at the joint line ex- 
perienced without foil. 

6. It offers a slight additional resistance at the 
weld line thus contributing to welding heat. 

In order to distribute equally the welding current 
between the sheets and assure uniform current den- 
sity, it is imperative that the foils be guided accurately 
over the center of the joint, as well as be held in 
accurate alignment with each other. Precise place- 
ment of the foil is obtained by means of the foil 
guides G, and G, shown in Fig. 2. These guides 
closely contain the foil and reach almost to the point 
of contact of the electrodes with the work. 

Figure 3 illustrates the weld-formation mechanism. 
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Fig. 4—Ball thrust tests of a foil-butt seam. 
Mild-steel sheet, 11 gage (0.129 in.) 


Fig. 5—Structure of a foil-seam weld on */;,-in. 
mild-steel sheet showing dense, relatively fine-grained 
structure and narrow heat-affected zone. X 10 





Fig. 6—X-ray of weld joint in '/,-in. cold-rolled steel 


The inset shows fragmentary views of the upper 
electrode wheel, the lower electrode wheel, the work 
being welded and the foil being fed in above and be- 
low the joint. The foil guides have not been shown 
here for clarity. Section A-A is taken at the point 
where the wheels make initial contact with the work 
through the foil. As the welding current passes from 
the upper electrode through the upper foil, the work- 
pieces, the lower foil and into the lower electrode, it 
meets with various contact and internal resistances, 
all of which produce heat. The major paths for heat 
losses are through the copper-alloy welding wheels 
which have very high heat conductivity and through 
the steel workpieces having relatively low heat con- 
ductivity. This implies that a steep temperature 
gradient will be maintained from the center of the 
work outward toward the heat sinks, thus creating a 





heat center at which point the welding nugget is 
initially formed. As the work continues between 
the wheels, the heat continues to build up and the 
nugget grows in size. The weld metal is maintained 
under pressure at all times by two different mecha- 
nisms. First, the force exerted by the electrodes on 
the foil deforms the heated area thus applying a 
hydrostatic pressure on the plastic weld zone. 
Secondly, the heat generated in the weld zone and 
surrounding material creates forces due to material 
expansion. The work must be clamped in place 
firmly enough to resist the lateral components of 
these two forces while the surface of the foil must re- 
main cool enough to resist their vertical compo- 
nents. 

At section B-B of Fig. 3, the nugget has grown 
somewhat and the foil is beginning to imbed into the 
work thus displacing the material necessary to fill any 
gap which happens to be present between the work- 
pieces. Section C-C represents the pinch point of the 
electrode wheels. Here the nugget has completely 
formed across the joint and the foil-to-work inter- 
face has almost reached welding temperature. As 
the work leaves the wheels, energy continues to flow 
into the joint, the nugget continues to grow and the 
foil-to-work interface becomes welded. The work 
leaves the wheels in a red-hot forgeable condition 
and the hydrostatic pressure exerted on the plastic 
metal by the electrodes at section C-C causes the 
joint to bulge slightly in the center thus producing 
the final cross-sectional shape as shown at D-D. At 


section D-D, the weld is complete, the nugget has 
grown out to the foil-work interface and the foil-to- 
workpiece bond has been completed. 


Practical Considerations 

Although this paper discusses only those joints 
having foil applied to both sides, a similar type of 
weld can be made by applying the foil to one side 
only, while the opposite side of the work runs directly 
on a roller electrode or mandrel. In a single-foil 
joint of this type, the weld nugget initiates at a point 
adjacent to the foil-work interface and grows toward 
the center as the work progresses through the welding 
machine. Single-foil welds rarely produce complete 
penetration and, as may be expected, the physical 
properties exhibited are somewhat lower than those 
of the double-foil welds; however, in many cases, the 
strength of the single-foil weld is adequate for the 
application and other considerations may make its 
use desirable. 

The only edge preparations necessary for double- 
foil welding are those which will produce a clean, 
square-sheared edge without excessive burr, draw 
marks or gap between the abutted edges. The work 
to be welded should be free from scale, and surface 
coatings within */;, in. of the edges to be joined. 
Heat-scale and oxides produce unpredictable surface 
conditions and inconsistent welds due to their rela- 
tively high resistance and variable distribution. 
Surface coatings such as zinc, cadmium, tin and 
aluminum are expelled from beneath the foil during 


welding and invariably find their way into the weld 
zone causing porosity, hot shortness and a general 
loss of joint integrity. Cleaning of the edges may be 
accomplished by pickling, grinding or brushing. 
Shot- or sandblasting may also be used; however, 
these latter two processes often produce surfaces con- 
taining imbedded particles of oxide and/or sand 
which have an adverse effect upon the foil bond. 

The sheet-metal parts to be joined should not differ 
in thickness more than 10%, although, under special 
circumstances, a mismatch as high as 20% may be 
tolerated. Experimental welds have been made on 
low-alloy and high-carbon steels, as well as austenitic 
and ferritic stainless steel. In welding stainless 
steels, the foil analysis should match the material 
analysis while the low-alloy or high-carbon steels 
may usually be welded with mild-steel foil. Differ- 
ences in the welding metallurgy of these alloys neces- 
sitate major departures from the mild-steel welding 
schedules developed for this paper and, in some cases, 
it appears that special techniques will have to be 
employed. * 


Weld Quality 

Butt welds produced by the foil-seam process are 
of excellent quality. The seams pass the standard 
ball-thrust tests for strength and ductility (Fig. 4 
and exhibit 100% joint efficiency in tension; these 
results being obtained in both the as-welded condi- 
tion and after the seam has been finished flush with 
the sheet-metal surfaces. The welds prove to be 
exceptionally good under tensile-fatigue conditions 
Tests made at the Zurich Federal Materials Testing 
Laboratories on soft-steel sheet specimens, */, in. 
wide by 0.094 in. thick, showed the endurance limit of 
unwelded sheet to be 42,000 psi, while the as-welded 
sheet had an endurance limit of 38,400 psi. Another 
important property of a butt-seam welded joint is the 
almost complete lack of distortion or warpage when 
joinis-g wide, flat steel sheets. Two factors contrib- 
ute to this lack of warping: 

1. Very little forging or distortion of the stock is 
required to produce the butt-seam joint. 

2. The total energy input to the weld is concen- 
trated at the joint which results in a low total-heat 
level and a narrow heat-affected zone. 

Figure 5 is a macrograph of a butt-seam weld made 
on -in. thick mild-steel sheet, demonstrating the 
narrow heat-affected zone which in this specimen is 
only in. wide. Figure 5 also shows the dense, 
relatively fine-grained structure of the weld nugget 
which is maintained throughout the length of the 
joint and produces welds of X-ray quality. Figure 6 
shows a foil-welded joint in '/;-in. cold-rolled mild- 
steel sheet, X-rayed in the as-welded condition. 
Note the absence of flaws in the weld zone as out- 
lined by the dark band through the center of the 
picture. This dark band is caused by the 0.010 to 
0.020 in. thickening or bulge which is inherent in the 


process. In most cases, this slight bulge is not ob- 


* These schedules and techniques will be made available as rapidly 


they are developed and proved 
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jectionable; however, if for some reason a perfectly 
smooth surface is desired, a slight grinding, milling or 
planing operation will suffice. 


Effect of Variables 

The foil-butt weld is inherently a resistance seam- 
welding process and those variables involved in either 
mash or lap-seam welding apply. ‘The only excep- 
tions are those variables concerned with the amount 
of overlap of the stock. In lap-seam welding, a 
minimum contacting overlap must be maintained in 
order to prevent expulsion of the weld metal and 
porosity in the nugget, while in mash-seam welding it 
is essential that an overlap of approximately 150% of 
the stock thickness be maintained in order to achieve 
a consistent weld. In foil-butt-seam welding it is 
only necessary that the edges of the stock be butted 
together. It is recognized that, in long joints or 
drawn parts, even the most carefully prepared edges 
cannot be made to butt together in uniform contact 
without high clamping forces, and that gaps between 
the edges to be joined are inevitable. From a practi- 
cal viewpoint, it is important to know how much gap 
can be tolerated before the strength of the weld is 
seriously impaired. For this reason, gap was se- 
lected as one of the process variables to be studied. 

Another set of variables that is indigenous to the 
foil-butt-seam process are those applying to the foil 
itself, i.e., foil thickness, width, material and surface 
condition. Experience has shown that clean, mild- 


steel foil is adequate for all low-carbon or low-alloy 


steel applications. In most cases, a foil 0.010 by 
0.156 in. is used; however, under unusual circum- 
stances, the requirements of the application may dic- 
tate changes in these dimensions. Those applica- 
tions requiring special foils are quite rare and will not 
be considered. 

Foil-butt-seam welds are usually used in the as- 
welded condition; nevertheless, there are many oc- 
casions when a perfectiy smooth, blemish-free surface 
is required. These applications require that at least 
one side of the weld is to be finished flush with the 
surface, thus removing most of the foil and conse- 
quently any strength or reinforcement that the foil 
may. have contributed to the weld. Although finish- 
ing is not truly a welding variable, it is important to 
know its effect upon the weld strength; therefore, it 
was included as a factor to be investigated. 

The remaining major variables are welding-current 
magnitude, time of current application (rate of 
electrode travel) and electrode force. Of the fore- 
going three variables, preliminary investigations and 
experience showed electrode force to have the least 





Table 1—Chemical Composition of Sheet Steel and Foil 


Thickness, 
in. C, % 
0.048 0.069 0.26 
0.075 0.055 0.26 
0.116 0.055 0.30 
Foil 0.093 0.48 


Mn, % P,% S,% 
0.026 0.022 
0.023 0.029 
0.024 0.029 
0.008 0.028 
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effect upon weld quality. Changes in electrode 
force, within reasonable limits, could be almost 
wholly compensated for by adjustments in current 
magnitude. In order to minimize the number of 
interrelated variables and to concentrate attention 
on the more important factors of welding current, 
rate of welding, gap and finish on sheet steel of a 
range of thicknesses, the effect of variations in elec- 
trode force were not investigated. A suitable force 
level was selected for each thickness of material and 
all other variables were investigated at this electrode 
force. 


Materials and Equipment 

The material used in this investigation was cold- 
rolled, commercial-quality SRW SAE 1006 to 1008. 
The foil used was bright-finished, mild-steel strip 
commonly designated as SAE 1008, 0.010-in. thick 
by 0.156-in. wide. An analysis of each of the three 
thicknesses of steel and of the foil is shown in Table 1. 

All welding was performed on the 300-kva longi- 
tudinal foil-butt-seam welding machine pictured in 
Fig. 1. This machine is designed for operation on 
440 v, single-phase, alternating current and develops 
a short-circuit secondary current of 45,000 amp at a 
secondary open-circuit voltage of 18.3 and minimum 
throat opening. The welding control features a 
synchronous seam-welding timer and an electronic 
contactor. The upper and lower traveling heads are 
driven by circulating ball nuts operating on worm- 
screw shafts. The welding electrodes used were 
10-in. diam. by '/.-in. wide, RWMA Class II forged 
copper alloy. The electrode faces were contoured as 
shown in Fig. 2 using a '/,-in. flat and 20-deg edge 
relief. The electrodes themselves idle in anti- 
friction bearings and are caused to rotate by friction 
between the foil and the electrode faces, as the weld- 
ing heads travel the length of the joint. Although 
the machine is equipped to provide either flocd or 
mist cooling of the weldment surfaces, neither of 
these devices were used; all welds were made dry, 
using only internal water cooling as provided in the 
electrodes. The edge of the work was centered un- 
der the foil by means of an automatic centering gage 
which retracted flush with the table surfaces upon 
energization of the work clamps. These clamps con- 
sist of a pair of flat magnetic chucks mounted in 
permanent alignment with each other and with the 
line of travel of the electrode faces. In making a 
weld, the procedure was as follows: 

The first edge to be welded is butted against the 
retractable gage bar, at which time the relevant 
magnetic clamp is energized by means of a foot 
switch. The clamp holds the work firmly in place 
and the gage bar retracts. The second workpiece is 
then butted firmly against the first, and the foot 
switch energizing the remaining magnetic clamp is 
depressed. The sequence-initiation palm buttons 
are then pressed, at which time the electrodes come 
together, pinching both the upper and lower foils 
between the wheel faces and the workpieces. As 
the traveling heads traverse the joint, foil is auto- 





matically stripped from the foil storage reels by the 
pinching action of the wheels. Welding current 
may be started and stopped at any point along the 
joint by means of adjustable actuators. At the end 
of the weld, the electrodes lift from the work, at 
which instant a relatively high voltage pulse of cur- 
rent is sent through the foil to the weldment, causing 
the foil to fuse or burn off and leaving it in position 
under the electrodes for the next weld. The travel- 
ing heads then return to the starting position, while 
the magnetic clamps release and the gage bar rises, 
thus stripping the work from the tables. 

Welding-current measurements were taken in the 
secondary loop at the welding electrodes using an 
rms secondary-current meter, with a calibrated 
split toroid. Electrode force was measured with an 
electrode-force gage. 


a. As-welded 


b. Welded and surface ground 


c. Failure through weld 


d. Failure through base metal 


Fig. 7—Typical tensile specimens 


Procedure 

1. The edges of all test materials were machined 
square, wire brushed, washed with solvent and light- 
ly oiled in an effort to maintain uniform edge mating 
and foil-contact resistance throughout the tests. 

2. Three speed levels were selected for each of the 
material gages investigated, and preliminary tests 
based on prior experience were made to determine 
suitable current timing and electrode-force levels. 
The resulting schedules are tabulated on Table 2. 

3. Weld strength was determined in all cases by 
tensile testing. ‘The specimens used are shown in 
Fig. 7, together with examples of typical failures as 
they occurred in the weld itself and in the base metal 
adjacent to the weld. Specimens were 1 in. wide by 
6 in. long, with */;-in. radius notches milled sym- 
metrically from each side to within 0.500 in. +0.001 
in. of each other at the weld line. 

4. Aseries of samples using a wide range of current 
values were run on tightly butted sheets at each com- 
bination of gage and speed shown in Table 2. 

5. Two specimens were cut from each weldment. 
One was tested in the as-welded condition, the other 
was finished by surface grinding to the thickness 
shown in the last column of Table 2. The test re- 
sults of this series of samples showed the weld 
strength vs. current curve to have a very steep face, 
a sharp knee and a relatively long, flat plateau where 
large changes in current did not appreciably affect 
the weld strength. 

6. The procedure outlined in Point 4 above was 


repeated in the lower current ranges for gaps of 
0.010 and 0.020 in. in order to locate the knee of the 
curve in each instance. 

7. The results of the foregoing tests were tabu- 
lated, plotted and studied in order to determine the 
effects of variations in current, speed, finish and gap 
on each of the gages investigated. 


Results 

The characteristics of the welds made on tightly 
butted 0.116-in. stock are plotted as a function of 
current in Fig. 8. The upper curve represents tests 
made in the as-welded condition, while the lower 
curve gives the results of testing in the finished con- 
dition. The difference in the breaking load between 





Table 2—Selected Welding Parameters 


Thick- 
Weld- ness of 
Material ing Cool- Electrode‘‘finished”’ 
thick- rate, Heat-time time force, specimen, 
ness, in. fpm cycles cycles Ib in. 
0.116 4 6 2 800 0.110 
8 3 1 1000 
12 . W. cont. 1200 
4 5 2 600 0.071 
12 . W. cont.‘ 900 
20 . W. cont.* 1000 
4 2 600 
12 . W. cont.? 700 
20 . W. cont.’ 800 





4 Partial wave continuous current. 
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Fig. 8—Joint characteristics plotted as a function of current. 
to 0.110 in. Zero gap between edges. 


Co 
a 
oO 
=) 
o 
' 
Oo 
oO 
2) 
” 
” 
Ww 
z 
a 
x 
2 
x 
a 
°o 
o 
= 
x 











100 
0.2 0.! 0 


INCHES FROM CENTERLINE 


Fig. 9—Microhardness survey of foil-butt-seam 
weld. 0.116 in. cold-rolled steel. X 10 


these two curves proved to be approximately pro- 
portional to the reduction in cross-sectional area of 
the base metal caused by finishing the weld, thus in- 
dicating that the additional reinforcement provided 
by the foil had negligible effect upon the weld 
strength. The reason for this apparent anomaly is 
presented in the microhardness traverse shown in 
Fig. 9. The base metal was 0.116-in. cold-rolled 
steel having a carbon content of 0.055% and a hard- 
ness of 59 Rockwell B. The lighter heat-affected 
zones on each side of the weld nugget are recrystal- 
ized structures having a Knoop hardness of approxi- 
miately 131 which corresponds closely to 66 Rockwell 
B. The weld nugget is a relatively fine-grained 
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Cold-rolled steel sheet, 0.116 in. thick, finished 
Upper curves—breaking load, lower curve—joint thickness. 


dendrit‘c structure having an equivalent Rockwell B 
hardness of 90. These higher hardness levels within 
the weld zone are accompanied by an increase in the 
yield point. For this reason, yield will take place 
outside of the weld and heat-affected zones, even 
though they are finished flush with the surrounding 
material. Any further reinforcement offered by the 
foil is superfluous. This also proved to be the case 
in al] other combinations of gage and gap tested; 
therefore, in the interest of simplification, all further 
curves and data are presented for specimens in the 
“finished”’ condition only. Figure 10 is a series of 
macrographs taken at current levels corresponding to 
the points marked A, B, C and D on the 4 fpm curve 
of Fig. 8. The upper two macrographs show the 
effect of insufficient heating. At A, the presence of a 
very small nugget can be detected in the center of the 
joint line, while the balance of the joint consists of a 
solid-phase bond. A current increase of 1250 amp 
(Weld B) shows an increase in nugget size to ap- 
proximately 50% of the sheet thickness. The foil 
has been forged into the base metal to a greater 
degree, and the heat-affected zone is more clearly 
defined. A glance at Fig. 8 shows that both of the 
foregoing specimens failed through the weld, while 
welds C and D failed in the base metal outside of the 
weld zone. In Weld C, the nugget has grown to ap- 
proximately 100% of the metal thickness, but has 
not penetrated completely to the foil-work interface. 
This is possible due to the heat ridge or bulge causing 
the sheet surface at the joint line to project above the 
plane of the adjacent unaffected surfaces. The first 
evidence of this characteristic bulge was noted at 
about 12,000 amp and it is readily apparent in welds 
Cand D. A further current increase of 2000 amp in 
Weld D shows nugget penetration to the foil-work 
interface, complete foil bonding and smooth, regular 
surface contours. 





The three sets of curves shown in Fig. 8 all have 
the same characteristic shape, a rather steep front, a 
sharp knee and a flat plateav.. The mode of failure 


Fig. 10—Effect of current on microstructure of foil-butt-seam 
welds. (X10). Current values correspond to points lettered 
A, B, C and D of Fig. 8 


4 FPM 


correlates well with the form of the curve. All 
specimens on the plateau region failed in the base 
metal, while those on the rising front failed through 
the weld; therefore, after current values had been in- 
creased past the knee of the curve, no further im- 
provements in weld strength could be detected. 
Continued current increases finally result in excessive 
surface heating, reducing the strength of the foil to 
the extent that it can no longer contain the fluid 
metal under pressure in the joint. The foil surface 
then ruptures, causing damage to the electrode faces 
and blowholes or porosity in the weld. The current 
level beyond which this occurs is indicated on the 
plots by the vertical “‘max heat” line. 

The joint thickness curves of Fig. 8 show a slight 
increase as current is increased, due to the progressive 
development cf the heat ridge with currert. Joint 
thickness is expressed as the ratio of final joint thick- 
ness to initial sheet thickness. 

Figures 11 and 12 are similar plots of weld char- 
acteristics as a function of current at three different 
speeds for 0.075- and 0.048-in. stock, respectively. 
These curves exhibit the same trends as those for the 
0.116-in. stock, except that, as gage is reduced, the 
effect of speed becomes more pronounced. For 
example, in Fig. 12 the 0.048-in. stock at a welding 
rate of 4 fpm exhibits 100% joint efficiency in tension 
with current from 6000 to 17,000 amp, or a current 
range of 11,000 amp, while at 20 fpm this plateau is 
only 3500 amp long. The joint-thickness curves 
show similar trends in all cases, i.e., slight thickening 
with increasing current. 

All the foregoing data are for tightly butted edges, 
the ideal condition; however, under production con- 
ditions, a nominal amount of gap is to be expected. 
To determine the effect of gap on joint strength,’ a 
series of welds was made at 0.010- and 0.020-in. gap 
for each of the conditions set forth in Table 2. These 
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Fig. 11—Joint characteristics plotted as a function of current. 


0.071 in. Zero gap. 


Upper curve—breaking load; 


0.075 in. cold-rolled steel finished to 


lower curve—joint thickness 
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Fig. 12—Joint characteristics plotted as a function of current. 


0.048 in. cold-rclled steel finished to 


0.043 in. Zero gap. Upper curve—breaking load; lower curve—joint thickness 
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Fig. 13—-Welding-current range producing welds exhibiting 
100% joint efficiency in tension plotted as a function of gap 
between the edges to be joined. Data given at three welding 
speeds for each of three material thicknesses 


welds were then tested, and weld strength was 
plotted as a function of welding current. These 
curves indicated that the major effect of increasing 
gap is to move the knee of the curve to the right and to 
reduce the plateau length. 

A minor effect of increasing gap is an almost pro- 
portional decrease in joint thickness. This should be 
expected because the metal required to fill any void 
between the sheets must be displaced by the foil im- 
bedding into the surface of the work. This effect is 
of little practical importance, however, as there will 
always be at least two points along the jomt which 
are tightly butted together; thus, the maximum joint 
thickness along a seam will be as shown in Figs. 8, 
11 and 12 for zero gap. 

Figure 13 summarizes the results obtained in this 
investigation. Here the range of current values pro- 
ducing joints of 100% efficiency when tested in ten- 
sion are plotted as a function of gap for the gages and 
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welding speeds shown in Table 2; therefore, any 
point within the shaded areas should be expected to 
produce strong welds. Of the three principal factors 
in resistance welding—current, time and pressure 
the latter two may be controlled most accurately in 
the foil-butt-seam welding process. A _ well-engi- 
neered pneumatic system operating a welding head 
having good follow-up characteristics, together with 
a synchronous electronic control and a smooth, ac- 
curate drive system, allows an operator complete 
control over both electrode force and current timing. 
Many of the factors affecting welding current are not 
as easily controlled, and variations of +5% in 
secondary current are common; therefore, the range 
of current in which a good weld may be obtained is a 
measure of the latitude or criticalness of the weld. 
Using this as a criterion when utilizing the data pre- 
sented in Fig. 13, it is readily apparent that it is most 
desirable to work in the upper left hand areas, i.e., 
the welds become more critical with increasing values 
of gage, speed and gap. 

Considerations other than weldability will usually 
determine the gage of material to be used in a par- 
ticular application; however, in those cases where 
there is some freedom of choice, it is better to select 
the thinner material. Figure 13 shows that, for any 
given combination of speed and gap, there is greater 
welding latitude in the thinner gages. Once the ma- 
terial thickness has been established, a consideration 
of the edge conditions of the stock to be welded will 
determine the maximum welding rate. Figure 14 is 
a macrograph of '/;-in. mild steel showing the cross- 
sectioned contours of high-quality sheared edges 
tightly butted together. In the upper photograph, 
the parts were butted in such a manner that the 
sheared faces mated; in the lower photo, the left- 
hand part was inverted and the sheared faces are 
divergent. Despite the fact that the edges were 
straight, firmly pressed together and lightly tack 
welded, there is an opening in the joint caused by the 
presence of small burrs, tears and irregularities on the 
faces at frequent intervals along the edges. This 
irregular opening is roughly equivalent to a 0.010-in. 





Fig. 14—Cross-sectional contours of high-quality sheared 
edges butted together. Top, sheared faces matched for 
minimum gap. Bottom, sheared faces mismatched and 
divergent 


gay between parts whose orientation is such that the 
sheared faces are either divergent or randomly se- 
lected, and to a 0.005-in. gap between parts whose 
faces are consistently mated as is sometimes the case 
in tanks, pipes or other enclosures. To this ever- 
present gap in sheared stock must be added any gap 
caused by edge curvature due to internal stresses in 
the material, insufficient clamping on the shear or 
other causes. A total gap of 0.015 in. seems to be 


fairly representative of good shearing practice on 


practice on 2- to 3-ft lengths. Having established 
the gage to be welded and a realistic nominal gap, 
Fig. 13 can now be used to determine the approxi- 
mate maximum welding rate. It is recommended 
that the speed selected give a welding-current range 
extending to at least 15% below the maximum. 
Using this criterion, Fig. 13 shows that 0.048-in. ma- 
terial may be welded at speeds exceeding 20 fpm, 


Fig. 15—Foil-butt-seam welding machine 
designed for salvage of offal 


although the gap between the edges may exceed 
0.015 in., while at 0.015-in. gap, the 0.075-in. stock is 
limited to 12 fpm, and the 0.116-in. material would 
probably require some special attention such as bet- 
ter edge conditions, heavier, wider foil or external 
flood or mist cooling. The machine settings ob- 
tained from Fig. 13 and Table 2 represent a starting 
point for initial trials, and improvement may be 
expected by some modification of the variables for 
particular applications. 


Applications 

Although the foil-butt-seam process is relatively 
new to this continent, it has found widespread ac- 
ceptance throughout Europe in the transportation, 
appliance and other industries fabricating sheet steel. 
In the field of transportation, foil welding is being 
used to weld mufflers, headlight rings, and panels for 
automobiles, side and roof panels for railroad cars 
and fenders and gasoline tanks for motor scooters. 
The appliance industry welds washing-machine tubs, 
refrigerator cabinets and sink halves, while some mis- 
cellaneous uses include scrap salvage and container 
fabrication. 

Figures 15 through 18 are photographs of machines 
recently built in this country, illustrating several 
areas of application for foil-butt-seam welding. 

The machine shown in Fig. 15 was built primarily 
for the salvage of offal resulting from a blanking oper- 
ation. Joining two triangular shaped pieces along 
their hypotenuse resulted in a rectangle which was 
utilized in the fabrication of a drawn part. This 
same type of machine may also be used for wide strip 
joining or other applications involving flat-sheet 
stock. 

The machine illustrated in Fig. 16 was designed to 
weld the longitudinal seam in washing-machine tubs 
and wrappers on an in-and-out basis. For con- 
tinuous welding of cylindrical parts where one part 
follows immediately behind the other, a pylon sup- 


Fig. 16—Longitudinal foil-seam welding machine for 
in-and-out welding of washing-machine tubs 


WELDING JOURNAL | 


27 





, ~~. 
s y - 
i ee < eee | : - é on % = 


re) 
4 
7 
Fig. 17—Machine designed to weld longitudinal tank seams 


on acontinuous basis. Tank has been removed from front 
of upper mandrel to show drive rolls and welding electrodes 


ported mandrel as shown in Fig. 17 may be used. 
The upper mandrel contains the upper electrode 
wheel with its operating cylinder as well as many 
sets of powered feed rolls. The lower unit contains 
the lower electrode wheel and cylinder along with 
several sets of guide rolls. In operation, the tanks 
are spread apart and slipped over the long narrow 
structure (not shown) supporting the mandrel. A 
Z-bar then engages the edges to be welded, guiding 
therm accurately under the welding electrodes as the 
feed rolls move the parts along. Upon completion of 
the weld, the tank continues off the end of the man- 
drel where the small weld section connecting it to the 
following tank is broken. 

Figure 18 illustrates a machine used to make a 
short, single-foil weld on an odd shaped automotive 
part. Blanking this part in one piece produces a 
considerable material loss in the skeleton. By 
making the part as a two piece weldment these losses 
are practically eliminated. Other applications for 
this type of machine are joining coil ends of narrow- 
strip stock, closing miter-corner joints preparatory to 
finishing or any applications involving short seams 
where the strength of a single-foil weld is adequate. 

The range of applications covered in the foregoing 
discussion exemplifies the versatility of foil-seam 
welding. Many weldments now being produced by 
other methods may be made more economically by 
the foil-seam process. 


Summary 

The foil-seam process for the butt welding of steel 
sheet, a German development, has recently been 
made available in this country. The joint is made 
by introducing a thin, narrow strip of mild steel on 
both sides of the abutted workpiece edges and passing 
this ‘“‘sandwich’” between roller electrodes. A 
smooth, nonoverlapping seam of high strength, 
dense structure and neat appearance results. The 
only edge preparations required are clean, straight, 
sheared edges without excessive burr or gap when 
butted together. 
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Fig. 18—Machine designed to make short, 
single-foil welds on automotive parts 


The major variables having an effect on the tensile 
strength of foil-seam welds are welding current, 
welding speed, gap between the edges of the butted 
workpieces and the gage of the material being joined. 
All of these variables are interrelated; however, if 
the welding-current range which produces welds ex- 
hibiting 100% joint efficiency in tension is considered 
to be a measure of welding latitude, then, for any 
given levels of the remaining two variables, the welds 
become more critical with increases in: (1) stock 
thickness, (2) speed, and (3) gap between the edges 
to be welded. 

The advantages offered by foil-butt-seam weld- 
ing—strong leakproof joints, minimum thickening, 
excellent appearance, ease of finishing, high welding 
speed and minimum deformation of parts—have 
enabled the process to be used profitably in the trans- 
portation, appliance, container and many other in- 
dustries engaged in the fabrication of sheet metal. 
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Operator lowering loaded retort into a small hydrogen furnace 
Atmosphere of pure, dry hydrogen, argon or helium is used 


between 1900 to 2150° F. 


Furnaces operate to 2300° F while most brazing is accomplished 


The requirements of the aircraft industry for fabricated assemblies 
of lighter and lighter structures call for a more complete 
understanding of 


Thermal Fatigue and High-Temperature Brazements 


PEASLEE 


BY ROBERT L. 


History 

For many years, the aircraft industry has been 
looking forward to fabricating assemblies of lighter 
and lighter structures. With the appearance of the 
jet engine into the aircraft field, the thin-metal 
parts in the shape of vanes, nozzles, liners, etc., were 
put directly into the high-temperature gas stream. 
It was soon apparent that there was a type of failure 
occurring that, while it had been observed previously, 
had not been common enough to attract much 
attention. This type of failure can be best called 
‘thermal fatigue.” 


ROBERT L. PEASLEE is Vice President, Wall Colmonoy Corp., De 
troit, Mich 


Nature of Thermal Fatigue 

The definition of fatigue is “the tendency for 
metals to break under conditions of repeated 
cyclic stressing, considerably below the ultimate 
tensile strength.”’ This definition does not specify 
the method of stress application, thus a stress pro- 
duced by the nonuniform distribution of heat into 
a metal part can be included. When we rapidly 
heat a metal part from room temperature to 1500 
F and cool it to room temperature, we can produce a 
high level of stress in the part, particularly if the 
heating is done locally to a thin section which is 
supported by a stiffer or heavier section around 
it. 
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Fig. 1—Graph of thermal gradient caused by 
differential heating as a result of thin and 
heavy sections of an assembly 


Fig. 2—Stator-nozzie diaphram segment of a similar design 


B 


Fig. 3—Sketch of turbine-nozzle stator vane. Left view 
represents thermal-fatigue cracking caused by localized 
heating. Right view shows wide heating pattern with no 
cracking 


It will be noted that the thermal-fatigue failure 
occurs at the grain boundary, with the failure 
starting at the point of maximum stress concentra- 
tion where the differential temperature is the 
greatest. By observing a severe case of thermal 
fatigue, it can be noted that the grain boundaries 
are very heavily oxidized, and oxidation will be so 
severe that metal oxide will appear to be exuding 
from the cracks at the grain boundaries. Thermal- 
fatigue failures have a marked similarity to a stress- 
corrosion condition where the stress is produced by 
the differential temperature and the corrosive media 
is the oxygen in the atmosphere surrounding the 
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Fig. 4—Sketch of laboratory method of reproducing thermal 
fatigue. Left view shows heating of trailing edge of blade. 
Right view shows cooling cycle with blade showing cracks 
after 30 cycles 


SHEET METAL SKINS 


SHEET METAL INSERT 
(OPEN CENTER) 


CAST INSERT 


Fig. 5—Sketch of brazed hollow air-cooled turbine - stator 
blades. Left view shows design using cast insert and thin 
airfoil skin. Note thermal-fatigue cracking. The right view 
shows an all sheet-metal design which has improved service 
life 


A 


Fig. 6—Tubular rocket-engine thrust-chamber brazements. 
The left sketch shows a ‘‘square’’ tube design which, when 
brazed, presents a very rigid structure subject to thermal 
fatigue. The right sketch shows the tubular design which 
is more flexible and shows better service life 


part; thus, the grain boundaries are attacked and 
heavy oxides are formed in the grain boundaries as 
the part is stressed. 

It can readily be seen that failures by thermal 
fatigue will occur regardless of the method of 
manufacture, and can just as readily occur in the 
solid-metal portions of a fabricated assembly. 
Figure 1 indicates the heating and cooling curves 
of an assembly made up of thin and heavy sections. 
The left curve shows a thin section, in solid lines, 





as compared to a heavier portion of the section, in 
the dotted lines, as it heats up to a given service 
temperature. On heating, there is a_ sufficient 
temperature gradient to produce a high stress. 
When the part is rigid, the thinner member of the 
section will have to upset as it continues to heat. 
On attaining its service temperature and on cooling 
back to room temperature, the thin section cools 
very rapidly, thus producing a tensile stress in the 
thin member. At the 1500° F temperature range, 
oxides form readily in the grain boundaries and, if 
the thermal gradient is severe, it is even possible to 
tear the metal in one or two cycles. The right 
curve indicates an assembly that is cyclically heated 
from 1000 to 1500° F in service, and it is apparent 
that stress is again built up between the thicker and 
thinner members. While the stress is generally 
not as high as found at the lower temperatures, the 
base metal has less strength to combat the stressing 
and, thus, more damage is caused at the higher tem- 
perature range. As we go through the case histories 
on metal parts and assemblies, it is desirable to 
keep in mind that this same cooling and heating 
curve applies in each instance presented. 

The first nozzle-diaphragm assembly example of 
thermal fatigue was very forceably brought to mind 
while working with jet-aircraft engines around 1947. 
The service problem consisted of a stator assembly 
similar to Fig. 2 except that the stator was a one- 
piece circular-nozzle diaphragm. 

In such a nozzle diaphragm, the blades were 
welded to the inner and outer shrouds. During 
engine testing, cracks appeared in the trailing-edge 
section of the blades. These cracks were initially 
attributed to the rigidity of the assembly, since the 
part was welded together and the trailing edge did 
not have sufficient freedom to expand and contract 
on heating and cooling. It was anticipated that, if 
the blades were free to move, these cracks would 
not occur. 

On observing a number of these nozzle diaphragms, 
it was noted that there was a definite heat pattern 
which was associated with the cracking problem. 
Figure 3, Sketch A, shows the heat pattern that 
was apparent when cracking was prevalent. Sketch 
B of that same Figure shows the heat pattern which 
was apparent when no cracking was prevalent. 
Since these heat patterns indicated the concentration 
of heat, the company conducting this program set up 
a simulated laboratory test as indicated in Fig. 4. 
A test rig was built so that the blade could be os- 
cillated between a burner and an air-cooling blast. 
As the blade was unsupported except for the leading 
edge, no weld restrictions were imposed and the 
only restrictions were the base metal and its rigidity. 
It was found that cobalt-base blades would withstand 
approximately thirty cycles before cracking became 
severe. This test indicated also that the condition 
was associated with thermal stresses and the number 
of cycles, and was independent of the weld confine- 
ment. It was found that, by changing the base 


metal, the number of cycles before failure could be 
doubled and, likewise, by changing the included 
angle at the trailing edge, the number of cycles 
could likewise be increased. By increasing the 
angle, the heat pattern was changed drastically, 
thus reducing the stress on a given base metal. 
Thus, by keeping the same base metal, design 
changes can increase service life. 


Effect on Brazed Components 

One of the major reasons for using brazing is 
that this process can readily join very thin sheet 
metal to heavier sections, thus producing a part 
which is not readily machined or welded. In 
such brazements, we often find that the designer 
puts together very thin sheet metal with heavier 
bars, bosses and inserts. For this reason these 
assemblies are subject to thermal fatigue when 
cyclically heated at high temperature. As would 
be expected, the thermal-fatigue failure occurs in the 
area of heavy change in cross section, thus adjacent 
to the brazed joint. For this reason, many engi- 
neers, when first acquainted with the cracking 
problems, are inclined to believe that it is completely 
tied up with the brazing and the brazing alloy. 
Undoubtedly, the brazing alloy has its effect on 
the thermal-fatigue problem, for good or bad. 
Indications are that, often times, the brazing alloy 
will seal off the surface with a higher oxidation- 
resistant alloy, thus reducing the thermal-fatigue 
problem. At the present time, there is not enough 
information available throughout the industry to 
determine the effects of all alloy combinations. 
However, there are a number of actual service 
cases which tend to point out the problem and some 
of the remedies. 


Hollow-blade Brazements 
for Nozzle Diaphragms 

Figure 5 indicates the experience that two com- 
panies have had with their work on air-cooled vanes. 
One approach was to use a precision-cast insert 
with the sheet-metal airfoil brazed to the lands on 
the cast insert (sketch at left). As predicted, this 
brazed assembly did not have very long life in the 
jet engine. The heavy cast section heated very 
slowly and the thin sheet-metal section heated 
rapidly as the engine started; they cooled conversely 
when the engine stopped. For this reason, cracks 
appeared on the sheet-metal skin adjacent to the 
joint to the cast insert as a result of high stresses 
formed during differential heating and cooling. 
Unfortunately, the failure-analysis report er- 
roneously indicated that the cracks were caused by 
the brazing alloy. 

On the other hand, the component at the right 
in Fig. 5 shows a different approach taken by another 
group in which the liner was made of a thin sheet- 
metal section which would be flexible and would 
heat more uniformly at the nodes than would the 
cast section. Blades of this design have proved 
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many times more serviceable than section with 
heavy cast inserts. 


Rocket-engine Brazements 

Since 1951, different rocket manufacturers have 
experimented with various designs of brazed tubular 
engines and have had varying degrees of success. 
One type of design has inherent problems designed 
into the engine by virtue of the “square” tube 
sections. Sketch A in Fig. 6 indicates this type 
of design. In the beginning, this structure could 
only be brazed at the outer diameter of the throat 
area as the tube angle was not correct and excess 
clearance remained at the interdiameter. For this 
reason, the assemblies functioned satisfactorily 
for a number of firings. Unfortunately, on shut 
down, the acid would lay in the unbrazed areas 
and this condition was considered undesirable. 
Later engines of this design were brazed such that 
the joint was complete along the interface between 
the tubes. When this was done, the unit became, 
in essence, two solid rings with stiffening struts 
between them. On firing this design with essen- 
tially complete brazing, premature cracking was 
found in the throat section; the cracking was al- 
legedly caused by the brazing alloy flowing across 
the surface of the tubes. On investigation of this 
assembly, it was found that many of the return tubes 
were cracked. However, the crack always occurred 
between the flashing of the alloy from either joint. 
It was also noted that, where the flashing has 
closed completely over the tube, no crack was 
apparent. This failure occurred because the out- 
side ring was at about room temperature and the 
internal section was overheated at the return tube, 
so that this metal was upset. When the engine was 
shut down, the cold liquid rapidly quenched the 
overheated area, thus tearing the base metal apart. 

The round-tube or oval-tube engines, as indicated 
in Sketch B of Fig. 6, have shown comparatively 
little difficulty with thermal fatigue. The reason 
for this is quite apparent, as in this design of engine 
the tubes are quite flexible. The tube walls bend, 
increasing tube ovality when the inside of the rocket 
engine is heated while the outer section remains vir- 
tually at room temperature. Bending takes place in 
the tube wall rather than causing the severe upset 
and resulting high-tensile stressing of the tube wall 
to be found in the “‘square’’ tube design. 


Heat-exchanger Brazements 

A company working with heat exchangers de- 
signed a unit similar to the one shown in Fig. 7. 
Here, again, we have a heavy solid bar at the ends 
of the heat exchanger with face sheets of 0.010 in. 
and corrugated sheet of 0.005 in. This heat ex- 
changer operated satisfactorily for testing operations 
up to the point where the unit was given cyclic 
heating tests. Unfortunately, after numerous cycles 
between 1000 and 1500° F, gross leakage appeared 
and the test had to be discontinued. ‘Two different 
areas of thermal fatigue were noted in this particular 
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SOLID BARS 


Fig. 7—Sketch of a corrugated sheet-metal heat exchanger 
showing two points of failure found in this design. Both 
failures are caused by differential heating of the heavy 
bars and thin sheet metal 


SOLID INSERT 
EDGE JOINING MEMBER 


Fig. 8—Sketch of a honeycomb structure subjected to high- 
temperature service. Thermal-fatigue cracking is shown 
at the junction between the heavy and thin sections 


unit. In sectioning the unit, several of the bars 
fell out of their location. The left-hand arrow 
indicates the crack in the 0.010-in. sheet running 
parallel and adjacent to the heavy solid bar. Again, 
we have the problem of rapid heating and cooling 
of the thin member, with the more sluggish raise 
and drop in temperature of the heavier bar, thus 
producing extremely high stresses which, when 
repeated, result in the cracking. The second loca- 
tion of thermal fatigue was noted in the area indi- 
cated by the right-hand arrow; that is, in the thin 
corrugated sheet, where it was brazed over the 
heavy bars. Severe oxidation cracking existed 
adjacent to the heavy member. 

When assemblies of the type indicated here are 
to be heated cyclically, it is imperative that no 
large differential temperatures arise. In order to 
accomplish this, the solid bars should be replaced 
by thin U-shaped channels which will provide 
more uniform metal thickness. With an adequate 
design, less thermal stress will be imposed and the 
service life of the unit will increase. 


Honeycomb in High-temperature Service 
At the present time, most of the honeycomb 
assemblies are being used at comparatively low 


temperatures. With the increasing speed of air- 
craft, the temperature requirements of honeycomb 
will be increased into the 1000 to 1500° F tempera- 
ture range. At this point, the designers of honey- 
comb assemblies will have to reckon with the ther- 
mal-fatigue problem. As indicated in Fig. 8, the 





use of heavy inserts and edge-joining members will 
cause stresses produced by differential heating and 
cooling. Cracking, as shown in Fig. 1, will occur 
as the service temperatures increase and must 
be recognized as a thermal fatigue. Again, the 
temperature gradient is the biggest factor and it will 
be necessary to reduce the temperature gradient 
by using thinner edge-joining members and, possibly, 
it will be necessary to use a tapered flange which 
would broaden out the band of the thermal-stress 
gradient. Again, it must be pointed out that 
certain of the base metals show less susceptibility 
to thermal fatigue than others. Base metals 


containing a hot-short condition in the range of 


operation where thermal stress occurs, are considered 
undesirable. Likewise, alloys that have readily 
oxidizable constituents in the grain boundaries are 
base metals that should be avoided. 

Here, again, it is clearly indicated that not enough 
information is available, and it will be necessary for 
engineers using sheet-metal brazements and com- 
ponents to give careful consideration to employing 
adequate laboratory and service testing on these 
structures before using them in aircraft service. 


Industrial Thermal-fatigue Problems 


The aircraft field is not alone in the problem of 
thermal fatigue, although very few people seem to 
recognize thermal fatigue as such. For this reason, 
most of the industrial problems exhibiting thermal 
fatigue are passed off lightly, in that the part just 
cracks. No is given but cracks occurred 
and the part was no good. A very good example 
of the industrial problem is shown in Fig. 9. This is 
an actual photograph of a Type 330 retort base made 
from After furnace 
cycles, cracks 


reason 


;-in. plate. some 60 to 80 


the section very drastically and 


Fig. 9—Photomacrograph of an industrial-furnace retort 
made from AISI Type 330 stainless of '/, in. thickness. 
Oxides which appear to be exuding from the cracks have 
been removed by wire brushing to better show the cracks 


Fig. 10—Photomacrograph showing the effect of thermal 
fatigue on an industrial electric-furnace element. The light 
patches on the fracture breaks through sound metal and the 
darker areas are grain boundaries oxidized to a chromium- 
oxide green. Note the heavy exuded oxide on the sides of 
the element wire 


oxides appear to be exuding from each of the cracks. 
These cracks propagate along the grain boundaries 
with a magnetic oxide formed. ‘The surface of this 
part was wire brushed to remove the oxide so that 
the cracking would be more readily apparent. It 
is quite obvious, from the photograph, that there 
are not only major cracks but “millions” of minor 
cracks throughout the entire area. When the 
major cracks are welded, the metal opens up at the 
next weaker inner-face and only one to five runs 
can be obtained before the secondary cracks open 
up all the way through the '/,-in. thick plate. 
Of course, as would be expected over a 9 -yr period, 
many different alloys have been tested as have 
many different designs. However, the cracking 
problem persists since the design of the retort is 
such that the outer section heats and cools at a 
different rate than the bottom of the retort. 

A second industrial application shows an electric- 
furnace element after several years of operation 
under cyclic conditions. As will be noted, Fig. 10 
shows heavy ridges and layers of oxide on the sur- 
face. On the fractured section, the lighter patches 
are the remains of solid metal grains and the darker 
areas are patches of green chromium oxide that have 
worked their way along the grain boundary. ‘This 
section of element was broken off in the vise with 
very little difficulty. Again, the failures are charac- 
terized by heavy oxides exuding from grain bound- 
aries with the cracks occurring along the grains. 

It is felt that some caution is needed here, in that 
stress corrosion by liquid metals may be confused 
with thermal fatigue. It is well known that, if a bar 
of stainless steel is highly stressed by cold working 
and a low-temperature braze is accomplished on the 
surface, the liquid brazing alloy may very likely 
penetrate all the way through the strained stainless- 
steel section. In general, brazing is accomplished 
at higher temperatures with a higher-temperature 
brazing alloy to allow annealing of the stainless-steel 
components to take place before the brazing alloy 
melts. This technique has been quite useful; 
however, the stress need not be imposed by cold 
working or welding stresses, since differential heating 
and cooling will cause just as severe a stress and, in 
the presence of liquid brazing alloys, cracking can 
be readily obtained. This cracking is always easily 
distinguished from therma!-fatigue cracking, in 
that the stress-corrosion cracking with liquid 
brazing alloys will show the cracking immediately 
after brazing and the crack will be filled with the 
solid brazing alloy. As mentioned previously, 
there is some similarity in the two types of failure, 
in that the stresses are produced thermally and the 
oxygen attack is comparable to the liquid-metal 
attack of the highly stressed grain boundaries. 

In closing, it should be stated that much more 
engineering consideration is necessary on brazements 


in high-temperature service and it will be essential 
to conduct more laboratory and service testing to 
assure that proper consideration and emphasis is 
given to this type of failure. 
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Ultrasonic inspection of large structural part in field 








Ultrasonic Weld Inspection at Work 


in industry has resulted in the development of efficient 


and reliable quality-control techniques 


BY JOHN E. BOBBIN 


A great amount of work has been done in the past 
utilizing ultrasonic testing for the evaluation of 
welds. It is notable that a large portion of the 
successful application of this technique has been 
accomplished by a relatively small number of indi- 
viduals and companies. This would indicate that, 
where there is a desire or need to have successful 
ultrasonic weld inspection, it is possible to get good 
practical results. This paper will attempt to explain 
some of the reasons for these good results using 
several illustrative cases. 


JOHN E. BOBBIN is Sales Manager, Branson Instruments, Inc., 
Stamford, Conn 


Paper presented at AWS National Fall Meeting held in Detroit, Mich., 
Sept. 28-Oct. 1, 1959. 
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Ultrasonics vs. X-rays 
Both ultrasonic and X-ray inspection are powerful 


tools for weld inspection. They differ in technical 
approach, so it is reasonable to expect the absolute 
results obtained by each method to be somewhat dif- 
ferent. Using both techniques on a single weld it 
has not always been possible to get an exact compari- 
son, defect for defect, and size for size, but in actual 
practice it has been possible to obtain comparable 
over-all levels of sensitivity. A closer look at the 
relative advantages of the two techniques is needed 
to understand these differences and similarities. 
Both techniques ordinarily will detect gross defects 
in a weldment. Radiographs will provide consider- 
able detail regarding very small flaws such as porosity 





and small inclusions, particularly where the volume 
of these flaws is great. The technique, however, de- 
pends on a variation in the over-all density of the 
material and this may not always be sufficient to 
provide suitable results. X-rays also provide a 
permanent record of the condition of the weldment 
for future reference, or to permit a collection of many 
opinions in the evaluation of a borderline case. 
Improved techniques have somewhat reduced the 
long delay between time of test and final evaluation. 
Its earlier int:oduction and the subsequent farnilii- 
arity with the technique which many people acquired, 
as well as its acceptance in many existing codes, have 
made X-ray the current standard for weld inspection. 

Using ultrasonics, it is possible to test through 
relatively great thicknesses of material with negli- 
gible loss in absolute sensitivity. With the exception 
of a few types of stainless steel, the attenuation of 
the ultrasound through the distances involved has 
little influence on the success of the test. Angulated 
cracks or lack of fusion, no matter how tight, can be 
found quite readily using ultrasonics. There is no 
delay before the results of the test are known, 
since the interpretation is an integral part of the 
performance of the test. Ultrasonics is usually 
considered a low-cost test both from the reduced 
capital investment as well as the lack of recurring 
material expenses. 

One factor which has brought some hesitation on 
the part of people considering the use of ultrasonics 
for weld inspection is the need for skilled and reliable 
operators for the interpretation of the ultrasonic 
pattern. Work is currently in progress to develop 
scanning and recording techniques aimed at reducing 
the reliance on the human element and also to provide 
permanent records where desired or called for by 
the contract. Through proper training and experi- 
ence, averaging from 3 to 6 months, the successful 
users of ultrasonic inspection have overcome the 
problem of operator reliance. 

Several cases can be used to illustrate some of the 
various factors as they apply to both field and lab- 
oratory tests. 


Correlating Techniques 

Under the sponsorship of the Ship Structure 
Committee, a special subcommittee was set up to 
investigate the possibility of using ultrasonic weld 
inspection in the construction of marine vessels. 
The first part of the program was to determine what 
correlation existed between ultrasonics and X-ray 


on “known” samples. The original plates from 
which ASTM X-ray standards were made had been 
preserved at the Naval Ordnance Laboratory outside 
Washington and these plates were tested there by 
investigators representing several manufacturers of 
ultrasonic equipment. A fair correlation was 
obtained, although some difficulties were encountered 
in distinguishing small porosity from slag inclusions. 
Subsequently, further samples were fabricated from 
plate */, and 1 in. thick, some of which had inten- 
tional defects in them, and these were tested by the 


same investigators and classified in either of the 
following categories, ‘“‘acceptable, would not have 
required X-ray inspection” or “would have re- 
quired X-ray inspection, probably unacceptable.” 
A very high correlation was obtained between this 
ultrasonic classification and a similar classification 
which was made from X-rays of these plates by 
several experts in the field of welding. It was also 
quite interesting to note a lack of unanimity among 
the X-ray examiners. Further testing on large 
structures, including tanks and ship hulls under 
field conditions, was programmed and the work 
started, although no results are available at this 
writing. 

Discover Hidden Flaws 

An interesting job was done recently at a dam 
being constructed for flood control and hydro- 
electric power. The penstock liner for the dam was 
constructed of steel plate varying from */, to 1'/, 
in. thick. This plate had been procured to com- 
mercial standards and had not been previously 
ultrasonically examined. Individual plates were 
rolled into an arc representing approximately 120 
deg of the circumference of the penstock, and three 
of these plates were then welded toyether to produce 
a cylindrical section, approximately 24 ft in diameter. 
Several of these sections were then welded to each 
other to provide a still longer cylinder. Up to this 
point, all of the welding was done under shop 
conditions, which are usually considered quite 
favorable. The welding was done in two passes, 
using a continuous automatic welding technique. 
The automatic welds were completely X-rayed be- 
fore leaving the shop, and some flaw repairs were 
accomplished based on the X-ray results. 

The large cylindrical sections were then moved 
down into the dam and subsequently joined using 
manual arc-welding techniques. 

When the project was well along 
completion, some plugs were trepanned from the 
welds, and these showed the presence of angular 
flaws, oriented about 45 deg from the plane of 
the plate, parallel to the axis of the weld and roughiy 
at a position of about one-fourth the thickness, on 
both the inside and the outside of the wall. Two 
typical sections are illustrated in Fig. 1. It was 


toward 


Fig. 1—Photograph of etched plugs 
showing inclusion in the weld zone 








Fig. 2—Usual butt-weld scanning technique 


presumed that the cause of these defects was laminar 
inclusions in the plate which probably melted during 
the heat of fusion, started to float toward the surface, 
and were trapped when the weld metal solidified. 

A re-examination by radiographic techniques was 
deemed not practical due to the large footages 
involved, as well as to the fact that it now became 
apparent that multiple angle X-ray shots would 
have to be taken if these defects were to be reliably 
detected. It was therefore decided to try ultrasonic 
inspection. 

When the ultrasonic inspection of these welds was 
started, several problems became immediately 
apparent. The most serious was the presence of 
very large echoes from the sharply rising weld-bead 
reinforcement. This reinforcement met the require- 
ments as to the maximum height, but did not blend 
smoothly into the base metal. (Various proposed 
weld inspection specifications require that the weld 
bead blend smoothly into the base metal so as to elimi- 
nate these signals, as do radiographic codes.) It was 
felt that it would not be practical to attempt to blend 
this reinforcing bead smoothly into the base metal, 
particularly due to the presence of supporting 
members on the outside of the liner and the almost 
impossible job of getting at the various places 
involved. It was therefore decided to live with this 
problem and to work around it. The common 
technique normally used for tests on butt-welded 
plate, as illustrated in Fig. 2, utilizes an angle beam 
transducer moved in a zig-zag path, which provides 
for a complete scanning of the entire volume of the 
weld. When using this technique at the penstock, 
the echoes from the weld-bead reinforcements were 
almost always present and produced extremely 
difficu'. interpretation. 

One of the major advantages in ultrasonic weld 
inspection is the ability to locate defects accurately. 
In this instance, it was possible to identify the 
signals coming from the bead by their relative 
position on the cathode-ray tube since echoes from 
the various points along the sound beam would 
always show at comparable points on the cathode- 
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Fig. 3—Sketch showing technique for determining 
the location of flaws in two directions 
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Fig. 4—Direction of the sound beam on the 
four parallel scans by the transducer 


ray tube regardless of the position of the transducer, 
Fig. 3. The results of the previous trepanned 
sections containing flaws also indicated that the 
particular defect in question apparently did not occur 
close to the weld bead but rather at the '/,-thickness 
location. It was therefore decided to set up and 
use four parallel scans as illustrated in Fig. 4, each 
scan primarily testing in one quadrant of the weld 
as well as checking the quadrant diametrically 
opposite. This appeared to be a satisfactory 
technique. It also points out the fact that the 
ultrasonic-scanning techniques are flexible enough 
for a variety of applications. 

For the test, a plywood strip about '/, x 2 x 36 in. 





Fig. 5—Nuclear pressure vessels whose 
seams were tested using ultrasonic technique 


was held in place by two permanent magnets and this 
was used as a guide for moving the transducer 


parallel to the weld. The proper positions for the 
several scans illustrated in Fig. 4 were determined 
relative to the weld centerline based on the wall 
thickness and the sound-beam angle. A 45-deg 
angle, 2.25 mc, 1l-in. square transducer was chosen 





Fig. 6—Etched section of test plate used on 
the reactor weld qualifications showing the loca- 
tion of cracks detected ultrasonically 


since it provided the proper coverage for scanning 
the suspected area. 

It was necessary to use staging to get the test 
and into the 
scanning of the sides and top of the circumferential 


instrument operator position for 
seams, as well as some of the longitudinal seams. 

The next problem was that of setting the sensi- 
tivity of the test. An arbitrary setting 
produced large signals from possible defects was 
first Locations were marked and further 
sections trepanned from the wall. These 
showed relatively large cracks or inclusions, such as 
the larger one in Fig. la. The sensitivity level was 
readjusted so as to detect, reliably, flaws of a much 
smaller size than the first result, Fig. 1b. Other 
tests were also conducted by the welding contractor 
to attempt to relate these defects to possible fatigue 
characteristics of the structure. 

During the time while the techniques were being 
worked out, a program of operator training was 
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Fig. 7—Schematic of installation on welded tubing mill, including sketch of transducer applied to tube, 
cathode-ray tube pattern for acceptable tube with echo from weld zone below rejection 


level and flaw indications as they appear on strip-chart recorder 


instituted to provide additional men qualified in the 
operation of the equipment. Production scanning 
was carried out. The flaws located by ultrasonics 
were then repaired. Ultrasonic testing has also 
been used to check all the repairs to these welds. 


Heavy-walled Sections 

The testing of welds in nuclear components with 
their heavier walls has presented a challenge which 
ultrasonics has readily met. The large thick- 
walled, internally clad sphere shown in Fig. 5 
whose dimensions and geometry prevented any 
adequate radiography, was successfully tested at the 
Union Carbide Nuclear Co. in Oak Ridge. The test 
procedure was set up on the welder qualification 
plate, Fig. 6, in one of which the ultrasonic test 
showed the presence of various faults which were not 
detected radiographically. This test and results 
are described in detail in Reference 1. 


Quality Control 

While ultrasonic weld inspection is particularly 
adaptable to heavy-walled structures, it is by no 
means limited to these dimensions. Ultrasonics is 
being used in several plants for a continuous in- 
spection and monitoring of the quality of the welds 
of relatively thin-walled tubing produced from strip. 
The ultrasonic transducer is placed on the tube 
immediately following the welding and scarfing 
operation, Fig. 7, and projects a sound beam into the 
weld zone as the tube moves by at up to 100 ft/min. 
The presence of faults in the weld, such as cracks 
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and porosity, causes reflections of the sound waves, 
and through appropriate circuitry these echoes can 
be used to initiate various functions, such as marking 
the defective area on the tube or producing a printed 
record of the defect. A further and perhaps more 
important advantage arising from this application is 
that variations in weld quality caused by slight 
changes in the welding process itself can often be 
detected by this ultrasonic test before they are 
sufficient to cause rejection. Corrections can then 
be made in the manufacturing process, with result- 
ant savings, by not only detecting flaws, but, more 
important, preventing poor-quality welded tube. 
It has also been found that the ultrasonic test 
results generally show a much better correlation to 
the fatigue test of the welded tube than other 
conventional quality tests used previously. 


Future for Ultrasonics 


These are but a few of the many cases in which 
ultrasonic inspection of welds has proved itself 
equal or superior to other techniques from the stand- 
point of safety, cost and the immediate and accurate 
results obtained. It is hoped that, with the increase 
in experience and improvement in equipment and 
techniques, more people will avail themselves of this 
test. 


References 
1. Parker, Frank C., “Are Standards or Codes Practical for Ultrasonic 
Examinations of Metals and Weldments’’ ASME Paper 56A 185. 
2. Bobbin, John E., “Ultrasonic Weld Inspection,” Journal of the 
Society for Nondestructive Testing, January/February 1959 





Practical Welder 
and Designer 


With Submerged-Arc Welding. 


BY O. W. STAUFFER AND 
G. E. MOTZENBECKER 


You don’t believe it? Then just consider the high- 
speed repair of “‘Caterpillar” tractor parts at Patten 
Tractor and Equipment Co., Bellwood, Ill. This 
company uses 2 submerged-arc welding heads and 
welding composition to produce longer part life and 
finish the job up to 8 times faster than the manual 
covered-electrode process used previously. 

Patten Tractor works around the clock to reclaim 
tractor treads and rollers. Six different 
track are rebuilt, the largest being the ‘“‘D-9”’ which 
is 33'/. ft long. 

Both track links are rebuilt simultaneously by 
mounting the submerged-arc welding heads on a 
side-beam carriage. Depending upon the size of the 


sizes of 


O. W. STAUFFER is General Service Manager at Patten Tractor and 
Equipment Co., Bellwood, Lil. and G. E. MOTZENBECKER is Mar 
ager of Electric Welding Sales, Linde Co., Chicago, Ill 


Fig. 1—Production was doubled in submerged-arc rebuilding 
of tractor rollers by mounting 7 to 10 rollers 
at one time in this special jig 
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tracks, welding current from 425 to 550 amp, 32 v, is 
used with '/s- or °/3-in. diam wire. 

A maximum of three passes is needed to obtain the 
required deposit on each tread. Submerged-arc 
welding, accomplishes the job in one-fourth the time 
previously required with manual covered-electrode 
The dual-head arrangement further re- 
and over-all 


welding. 
duces the required time by one-half 
speed increase of 700%. 

To rebuild tractor rolls, the submerged-arc welding 
head is mounted on a side-beam carriage above a 
shop-made, roll-turning jig which holds 10 small rolls 
or 7 large rolls. An indexing device automatically 
moves the submerged-arc welding head after each 
parallel bead. The */,-in. deposit is produced in 
only three passes with '/;-in. diam wire at a current of 
250 amp, dcrp. A large roll is completed in a 
little over an hour. In fact, the manufacturer 
doubled production by using the special, roll-turning 
jig. 


Fig. 2—Dual submerged-arc welding heads rebuild ‘‘Cater- 
pillar’ track eight times faster than covered-electrode weld- 
ing. The carriage travels continuously and each tread weld 
is automatically controlled by trip switches 
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Fig. 1—Model of the new Pittsburgh auditorium with its 8-section roof closed. 


Fig. 2—(right) In this view of the 


auditorium model, some sections of the dome appear in partly opened position. Six sections will move on tracks 
about pivots supported by a huge cantilever structure that involves scores of large box-section weldments 


Huge Weldments Are Critical 
in Structure of 
New Pittsburgh Auditorium 


BY CHARLES W. LYTTON 


Of the buildings now under construction in the USA 
the public auditorium in Pittsburgh is almost sure to 
be classed as among the most remarkable in several 
respects. Chief among these is its eight-section roof 
that approximates in shape a portion of a sphere 

Fig. 1). Six of its eight sections, pivoted at the top, 
are designed to roll back so that, when fully opened, 
three at each side come to rest above one of the two 
fixed sections, leaving no roof over three-fourths of 
the amphitheater (Fig. 2). 

This might not be thought remarkable in a small 
structure but, in a dome having a 400 ft diameter, 
each section is an enormous assembly. At the top 
are two vertical pivot pins, each 5 ft from the axis of 
the dome. All movable sections are supported at 
the outer diameter on twelve wheels that run on 
tracks curving in circular arcs on the angular face of 
a concrete ring girder. Pivot pins are about 118 ft 
above the mean ring-girder plane. 

Naturally, the pivot pins require rigid supports 
and, as there is no bridge above the dome, huge can- 
tilever supporting structures are employed. Ac- 
tually, there are three major cantilever assemblies all 
of which are arched in elevation. Taken together, 
they form an A-shape structure, as seen in plan 
view in Fig. 3. Of this frame, the two outer canti- 
levers are in tension, each being subjected to a maxi- 
mum pull of 3,850,000 lb at the anchorages, 315 ft 
from the pivot axis. Halfway between the two ten- 
sion cantilevers, but resting on a buttress 205 ft from 
the axis, is a compression cantilever that creates a 
thrust of 7,210,000 lb against the buttress. This 
cantilever is a hugh box-section girder, 8 ft wide and 
17'/. ft deep and is made in short lengths fitting end 
to end. When the roof is closed, the cantilevers are 


the Lincoln Electric 
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said to support only their own dead weight, but the 
stress is at a maximum when the sections are in full- 
open position. The dome has no interior supports. 
Between the major portions of the complete canti- 
lever frame there is extensive bracing forming trian- 
gles whose legs make odd angles with each other and 
with the centerlines of the cantilevers. Where 
several braces come together at various junctions, 
the resulting structures are complex and would be 
near impossibilities, structurally, if only riveted or 
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Fig. 3—Vertical and plan sketches indicating the shape and 
immense size of the cantilever framework that will support 


the pivots for the domed roof structure. Many components 
of the structure have box sections and are fabricated largely 
by arc welding 





” 


Fig. 4—Semiautomatic submerged-arc welding units being 
used to fabricate joints in one of the huge cantilever weld- 
ments that seats on a foundation and involves plates up to 
3'/,-in. thickness. Heavy welded ribs appear in the back- 
ground and many arc welds can be seen 


bolted joints were available. Both for this and for 
other reasons, arc-welded joints are employed and 
have solved many construction problems that could 
not have been met (at least at equal cost) by other 
means. Steel castings were considered for some 
complex junctions but, due to high pattern and other 
costs, were counted out, except for the few compar- 
atively small duplicate castings used at pin bearings. 
Even these castings become parts of weldments. 
Fabrication of the steel work is being done in the 
Ambridge, Pa., plant of the American Bridge Divi- 
sion of the U.S. Steel Corp. Only qualified welders 
are used and they are provided with modern equip- 
ment and with materials best suited for the work in 
hand. Considerable hand welding is required be- 
cause many joints are short and many are not ac- 


cessible for the application of any other process. 
Where joints are not too short and can be brought 
into suitable position, however, many semiautomatic 
submerged-arc welding units (two of which appear in 
Fig. 4) are employed. They are fast and provide 
high current density to insure the high penetration 


needed for optimum welds. These welding units are 
supplied by motor generators of 600-amp capacity. 
Semiautomatic submerged-are welds can be pro- 
duced at two or more times manual welding speed 
and, as they are covered by flux, operators can work 
without face shields. Spatter is virtually eliminated 
and deep grooves, needed for welds on the thick 
sections, can be filled at high rates and with mini- 
mum heat distortion. Mild-steel wire of °*’,,-in. 
diam is used. The flux employed is easily removed, 
this being especially important in multipass work. 
Among the very large weldments are the so-called 
‘rafters’ for each roof section. Four of these rafters 
extend from points near the top pivots to points on 
the supporting carriages on the curved track. 
Rafter subassemblies, many of which appear in Fig. 
5, approximate circular arcs in elevation but, ac- 
tually, are made up from short lengths of 30 x 10-in. 
WF beams. Most lengths have flanges that are 
parallel throughout their length. Others, however, 
are tapered near ends by cutting away narrow tri- 
angles of the web next to the flange and then bending 
the flange and welding it to the cut edge of the web. 
Each of these short sections is cut from standard 
I-beams, but the transverse cuts are not square with 


Fig. 5—Numerous rafter components made from short 
lengths of 30-in. WF beam are here shown in process of 
fabrication. Joints are arc welded and undergo ultrasonic 
testing before passing inspection 


Fig. 6—Closeup showing skilled men making joints in rafters 
by use of semiautomatic submerged-arc welding units 
Most beads are:laid down in vees cut for this purpose 


the beam axes because the weldment as a whole is 
curved. Each angular cut then is beveled along 
both sides of the web and flanges to mate against a 
similarly cut end of the next section. Next, these 
two ends are brought together so that they butt with 
the web horizontal. A semiautomatic weld is made 
to fill upper V-groove formed by the bevels (Fig. 6). 

Subsequently, the assembly is turned over and a 
duplicate weld is made on the other side of the web. 
Similar welds are also made at flange bevels but with 
the web in a vertical plane. 

It is necessary to make similar welds at the ends of 
each length except, of course, those at the ends of the 
subassembly. A subassembly may measure from 
31 to 78 ft along the chord of the arc. At these ends, 
drilling is done for bolts to pass through mating 
plates or angles when weldments are joined to mating 
elements of the structure during field erection. 

Four rafters, set in fan-like arrangement, 
employed in each roof section and, in all four, the 
top ends are welded to a steel casting having a cir- 
cular-eye opening for a bronze bearing that fits 
around the pivot pin. These weldments, one of 
which is shown in Fig. 7, include four short lengths of 
30 x 10-in. WF beams whose top ends are joined to 
a steel casting by fillet welds. These welds are made 
by hand because they are in vees not accessible tor 
semiautomatic welding. 

Ends of the stub beams are beveled and are butted 
against the casting before the grooves at the joint are 
filled in by welding with E-7018 welding electrodes. 
After these welds are made, the four stub beams radi- 
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ating from the casting in fan-like fashion are joined 
by welded cross braces. 

When these have been fabricated, they go to a 
stress-relief furnace and then to a machine shop 
where the outer ends of the four projecting I-beams 
are drilled for plates that will join the four ends to 
mating rafter weldments. All welds in structures 
just described, including those at rafter joints, are 
checked either by X-ray or by ultrasonic equipment. 
If any weld flaws are detected, the weld is cut out at 
the flaw and the cut is refilled by rewelding. 

Many portions of the cantilevers and of the cross 
bracing involve box sections having walls up to 2'/, 
in. thickness. These sections are made from plates 
that are joined at the four corners of the box by longi- 
tudinal welds. Such welds are made, as in Fig. 4, 
with semiautomatic submerged-arc units that are 
used regularly in the fabricating plant. Exterior 
longitudinal welds at the four corners of heavy box 
sections are laid down in vee grooves provided by 
beveling plate edges. Subsequently, interior fillet 
welds are made parallel to those in external vee 
grooves. 

Ends of some box sections also are beveled for 


Fig. 7—Fan-like stub section showing four short lengths of 
30-in. WF beam arc welded to a steel casting having a split 
bronze bushing that will fit a pivot pin at the top of one mov- 


able roof section. At erection, outer beam ends will bolt to 
rafters shown in Figs. 5 and 6 


Fig. 8—Two partly fabricated box-section girder components 
being set together in preparation for joining by arc welds. 
Each section includes several arc welds joining sides of the 
box, some being multipass types made in deep vee grooves 
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welds to mating parts. Weldments, such as those 
in Figs. 8 and 9, require drilling at the outer ends of 
box sections for splice plates that are required in 
making joints in field erection. Where weldments 
involve faces that come together at acute angles, a 
heavy fillet weld commonly is made. Many box 
sections include transverse web plates joined to the 
box by fillet welds. Most of the web plates require 
central manholes for access in welding and in service. 
Where service access is not feasible, however, some 
web plates are solid and have to be so welded as to 
make the interior completely water tight. 

Some weldments that seat on foundations require 
plates up to 3'/; in. thickness that are joined to box 
sections by multiple external rib plates, as in Fig. 4. 
Rib ends and edges are beveled to provide deep 
grooves that are filled in by welding. Some founda- 
tion plates have, welded to the bottom, heavy keys 
for grouting into the concrete to resist twisting forces 
or those parallel to the base face and transverse to 
the key. Welding in such odd shapes and massive 
assemblies saves a great deal of machining as well as 
attaching of heavy, extra plates and angles such as 
would be required for foundation bolts if they were 
used. 

Completed roof sections weigh about 300 tons each 
and are far too large to be assembled as a whole be- 
fore shipment. As many welds are made in the 
fabricating plant as possible, however, and weld- 
ments will be delivered to the site ready for assembly 
at erection. This is to be done over huge scaffold- 
ing. Even larger scaffolds will be required for the 
erection of the cantilevers. 

After the framework of each dome section is 
erected, the dome is to be sheathed outside above a 
cellular deck, with 20-and 22-gage type 302 stainless 
steel having No. 2D special finish. This will provide 
a batten roof. Outer roof sheets are to be lock 
seamed horizontally, but vertical seams will be of 
standard batten type to allow for change in dimen- 
sions with temperature changes and to avoid buck- 
ling. From about 50 ft from the dome apex upward, 
a welded false cap will be used. Roof sheets will be 
flat but, though made from sheets 68-in. wide, are 
small in relation to the 166,000 sq ft used; hence, 
the dome-like appearance is preserved. Inside, 
each dome section will have a ceiling of perforated 
zinc-coated and enameled sheet steel. 


Fig. 9—Typical weldments for use at joints in the cantilever 
back structure. All ends have been drilled for bolting at 
erection, some having both interior and exterior splice plates. 
Joints at so many angles would be virtually impossible with- 
out welding 





Society News 


Adams Lecture to Be Given by Stout at 
the 41st Annual Meeting and Exposition 


Robert D. Stout, head of the de- 
partment of metallurgy, Lehigh 
University, has been selected to 
present the annual Adams Lecture, 


an honor conferred by the Board of 


Directors of the SocrETy to an out- 
standing engineer or scientist. The 
lecture traditionally covers some 
new and distinctive development in 
the field of welding. 

As one of the highlights of the 
4ist Annual Meeting and Exposi- 
tion to be held in Los Angeles, April 
25-29, 1960, Professor Stout has 
selected as his tentative title 
“Higher Strength Steels in Welded 
Structures.’”’ Comparative studies 
have been made of the advantages 
of higher-strength steels over car- 
bon steels in welded structures, with 
the emphasis on metallurgical and 
materials engineering aspects rather 
than the design aspect. Dr. Stout 
has been known for many years as a 
leader in the field of welding re- 





ADAMS LECTURER 


Robert D. Stout 


search. Also, he has been nomi- 
nated as a director-at-large of AWS 
for the 1960-63 term. 

The lecture will provide an ap- 
propriate complement to the many 
outstanding papers to be read at the 
five-day meeting to be held in the 
Biltmore Hotel. Twenty-three ses- 
sions are to be held, during which 69 
papers will be read concerning topics 
ranging from research on mechanical 
and physical properties of welding 
materials to the solution of practical 
problems arising in the fabrication 
of weldments. Included in this 
presentation will be four sessions of 
three papers each sponsored by the 
American Society of Mechanical En- 


gineers. Indicative of the high 
quality of papers to be read at the 
forthcoming meeting was the diffi- 
cult task experienced by this year’s 
meeting of the Technical Papers 
Committee in selecting the offerings 
to be read. 

In conjunction with the meeting, 
an extensive welding exposition will 
be held in the Great Western Ex- 
hibit Center in Los Angeles on April 
26-28, 1960. The growth in de- 
mand for space at the annual AWS 
welding shows has been spectacular 
and has resulted in making them one 
of the most influential shows in 
America. Over 2 million dollars 
worth of equipment and materials 
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Bulletin from Hawaii 


LA 
stands for 


awaii... 
appiness ... and 
earty-eating | 


In old Hawaii, feasts were held on many occasions. An 
important piece of work, such as laying the foundation for a 
dwelling or completing a house or a canoe, was celebrated by 
a feast of luau. The selection of a chief, a wedding, a birth- 
day, or a death always meant a gathering of family and 
friends. .. followed by an elaborate feast. 


Today, the first birthday of a child or a marriage are the only 
occasions for luaus. 


For a luau, the table is set out of doors. Guests are served 
watermelon, pineapples, bananas and other fruits; red 
peppers; chopped, salted, roasted kukui nuts; small pieces 
of dried fish or jerked beef; and cubes of coconut pudding. 
Steamed crabs are laid on the leaves placed at each cover. 
Kalua pig is carved before being carried to the table. An 
individual serving of lomi salmon, similar to a salad served 
in the mainland, is placed in a separate bowl. Punch is 
served during the meal. 


Perhaps, this description of a Hawaiian luau has started your 
mouth to watering! Well...why not ask the ‘‘little woman’”’ 
to try her hand at Hawaiian cooking some evening this week. 


Here are three recipies to assist her in preparing a Hawaiian 
meal. 


Anchovy-Cream Cheese Dip 


Biend all the ingredients and 
serve with potato chips, corn 
meal chips, or small fingers of 
Melba toast. 


2 packages (3 ounces each) 
cream cheese 


can (2-ounce size) anchovy 
fillets 


Y% teaspoon onion juice 


Baked Fish 


| JANUARY 


2 pounds fish fillets 
2 cups dairy sour cream 
Y% cup sherry 


1 cup grated sharp cheddar 
cheese. 


Papaya Sherbet 


2 cups sieved ripe papaya 
Y% cup lemon juice 

“a cup orange juice 

1 cup sugar 

3 egg whites, beaten stiff 


Salt and pepper the fish fillets- 
Place them in a casserole with 
sour cream and the sherry and 
top with the grated cheese. 
Bake for 1% hours ina moderate 
oven, 350° F. Makes 6 servings. 


Mix the papaya and the fruit 
juice, and freeze in a refrigera 
tor tray until mixture begins to 
set. Fold this mixture and the 
sugar into the beaten egg 
whites and finish freezing. 
Serve in halves of papaya 
Makes 6 servings. 


But, why be content with just a ‘‘taste of Hawaii’ when you 
can attend American Welding Society’s First Post Con- 
vention Tour in Hawaii this April and savor the hundreds of 
delicious, world famous dishes of the Hawaiian Islands! 


Then...you'll really discover why ‘‘H"’ stands for Hawaii... 
Happiness...and Hearty-eating! 
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will be displayed, requiring an esti- 
mated exhibit floor space of 50,000 
sq ft. Business executives, engi- 
neers and scientists from all over the 
world are expected to attend. The 
largest amount of welding equip- 
ment and materials ever displayed 
under one roof will be seen at the 
exposition. 

Acting as hosts for the entire 
activity will be the Los Angeles Sec- 
tion of AWS. The program which 
wiil include social events, plant tours 
and ladies’ activities is under the 
direction of the Arrangements Com- 
mittee with C. P. Sander as chair- 
man and D. A. Elmer as secretary. 
The subcommittees and chairmen 
are as follows: 


President’s Reception—Chair- 
man, E. O. Williams; Vice- 
chairman, E. A. McCorkle. 

Welded Products—Chairman, A. 
L. Collin. 

Meeting Sessions—Chairman, R. 
J. Frick. 

Technical 
man. 

Banquet 
Ginley. 

Hospitality—Chairman, D. P. O’- 
Connor. 

Ladies Entertainment 
man, John B. Ross. 
Signs—Chairman, J. M. Soyars. 
Plant Tours—Chairman, A. M. 

Thompson. 

Publicity—Chairman, L. M. 

West. 


Chairman, S. E. Hick- 


Chairman, F. V. Mc- 


Chair- 





Dallas Metals Show 


Enthusiastic preparations are be- 
ing made by all 10 chapters of Amer- 
ican Society for Metals within 600 
miles of Dallas for participation in 
the 2nd Southwestern Metal Con- 
gress and Exposition May 9-13. 

Congress sessions will be held in 
the Sheraton Dallas Hotel by ASM. 
Other societies, including AMERICAN 
WELDING Socrety and Society for 
Non-Destructive Testing will meet 
in various Dallas hotels. The ex- 
position, a recurrent ASM event, 
will be presented in State Fair Park, 
where more than 250 informative 
exhibits will be on display. 
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Effective Nov. 1, 1959 


Jackson Welding Supply Co., Inc. 
535 Buffalo Rd. 
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TECHNICAL PAPERS SESSIONS 
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AWS ASME METALS 

AIST me ENGINEERING 
ANNUAL DIVISION 
MEETING CONFERENCE 


APRIL 25-29 * HOTEL BILTMORE, LOS ANGELES, CALIF. 


REGISTRATION 
MEZZANINE FLOOR 
HOTEL BILTMORE 


Sunday April 24 « 3:00 P.M. to 6:00 P.M 
Monday, April 25 « 8:00 A.M. to 4:00 P.M. 
Tuesday, April 26 ¢ 8:00 A.M. to 4:00 P.M. 
Wednesday, April27 «8 :30A.M. to4 :00 P.M. 
Thursday, April 28 ¢ 8:30 A.M. to 3:00 P.M. 
Friday, April 29 e 8:30 A.M. to 11:00 A.M. 





APRIL 25, MONDAY MORNING 


10:00 A.M.—Official Opening and Business Session 


CHAIRMAN 
J. E. Dato, Linde Company 


ADDRESS 
C. |. MacGuffie, President, AWS 


NATIONAL AWARDS 

ADAMS LECTURE 
Higher Strength Steels in Welded Structures 
by Robert D. Stout, Lehigh University 





Papers “A” Start at 
Papers “‘B”’ Start at Mi 
Papers “C” Start at 3:40 P.M 


APRIL 25, MONDAY AFTERNOON Turcee SIMULTANEOUS SESSIONS, 2:00 P.M 


3. Structures 

. Record-size All-welded Girders Fea- 
ture New Nisqually Glacier Bridge 

by M. L. Begeman and Horace F. by Edward H. Weil, the Lincoln Electric 
by R. E. Monroe, H. W. Mishler and Greer, the University of Texas Co. 
P. J. Rieppel, Battelle Memorial Insti- . Resistance Welding Electronic Com- . Welding of the Triton—World’s Largest 
tute ponent Leads to Nickel-ciad Copper Atomic Submarine 

. Hot-cracking Test for CO,.-shielded Wire by George W. Kirkley, Jr., General 


. Heat Effects on Steel 
Weldments 


. Resistance Welding 


_ Resistance Seam Welding of Terne 
\. Studies of Hot Cracking in High- Plate 


strength Weld Metals 


Metal-arc Welds 


by Paul W. Ramsey, Welding Research 
Laboratory, R. A. Keidel and J. N. 
Kuhr, A. 0. Smith Corp. 

. Effect of Elevated-temperature Ex- 
posure on Heavy-section Pressure- 
vessel Steels 

by Alan W. Pense, J. H. Gross and R. D 
Stout, Lehigh University 


by William L. Hughes, General Electric 
Co. 


. Successful Spot Welding of Foil Gages 


by G. R. Archer, the Budd Cc 


Dynamics Corp 


. Largest Welded T-1 Steel Spiral Cas- 


ings 
by E. L. Seeland, Ebasco Services Inc. 
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APRIL 25, MONDAY AFTERNOON 


4:30 to 6:00 P.M. 
CHAIRMAN 


Clarence E. Jackson, Linde Company 


CO-CHAIRMAN 
E. E. Goehringer, Lincoln Electric Co. 


Educational Lecture Series (Part |) 


New Welding Processes 
by H. Schwartzbart, Armour Research Foundation 





| Papers “A’’ Start at 9:30 A.M. 
APRIL 26, TUESDAY MORNING THREE SIMULTANEOUS SESSIONS, 9:30 A.M. | Papers “B” Start at 10:20 A.M. 
| Papers “C’’ Start at 11:10 A.M. 

6. Arc-welding Applications 


A. Internal Welding of Tubes to Tube 


4. Fracture Mechanics 
e Session sponsored by the ASME Metals 


5. Aluminum Alloys 
A. Comparative Properties of Aluminum- 


Engineering Division 
e Titles of papers and names of authors 
will appear in April issue 


alloy Weldments 
by |. L. Stern, H. V. Cordiano and V. A. 
DiGiglio, New York Naval Shipyard 


. How to Interpret Fractures in Alumi- 


num Weld Metal 
by William Lee Burch, Bell Aircraft 
Corp. 


. Weldability of Aluminum Casting Alloys 


with 5086 Wrought Aluminum Alloy 
by Milton S. Orysh and |. G. Betz, USA 
Ordnance Arsenal 


Sheets 
by E. W. Rowlands, Jr. and J. C. 
Cooksey, the Griscom-Russell Co. 


. Welding of Nickel-chromium-iron Alloy 


for Nuclear Power Plants 
by W. A. Fragetta and C. E. Witherell, 
the International Nickel Co., Inc. 


. Gas Metal-arc Welding of Low-carbon 


Steels 
by George Christopher and Roy C 
Becker, International Harvester Co. 





Papers “A” Start at 
Papers ““B” Start at 
Papers “C”’ Start at 


00 
50 


APRIL 26, TUESDAY AFTERNOON THREE SIMULTANEOUS SESSIONS, 2:00 P.M. a 


P.M. 
P.M. 
P.M 


2 
2 
3 


9. Fabrication Procedures 
. Selecting the Correct Procedure for 


8. Aircraft 
A. Fabrication Techniques for High-tem- 


7. Fracture Mechanics 
e Session sponsored by the ASME Metals 


Engineering Division 
e Titles of papers and names of authors 
will appear in April issue 


perature Corrugated Sandwich As- 
semblies 

by Harold Smallen and Robert P. 
Romaine, Norair, Division of Northrop 
Corp. 


. Application of 2219 Aluminum Alloy to 


Aircraft Pressure-vessel Fabrication 
by C. H. Crane and W. G. Smith, Boeing 
Airplane Co. 


. Inert-gas Spot Welding in the Aircraft 


Industry 
by R. L. Hackman, Linde Co. 


Welding a Given Joint 
by Robert A. Wilson, the Lincoln Elec- 
tric Co. 


. Method for Determining Expected 


Amount of Overwelding 
by Olgert J. Riteris, Bucyrus Erie Co. 


. Evaluation of Misaligned Butt-welded 


A286 Sheet Material 
by D. E. Hacker and S. Weiss, General 
Electric Co. 
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APRIL 26, TUESDAY AFTERNOON 


4:30 to 6:00 P.M. 
CHAIRMAN 


Clarence E. Jackson, Linde Company 


CO-CHAIRMAN 


E. E. Goehringer, Lincoln Electric Co. 
Educational Lecture Series (Part I|) 


New Welding Processes 
by H. Schwartzbart, Armour Research Foundation 








Papers “A” Start at 9:30 A.M. 
APRIL 27, WEDNESDAY MORNING THREE SIMULTANEOUS SESSIONS, 9:30 A.M. Papers ““B” Start at 10:20 A.M. 
Papers “C” Start at 11:10 A.M. 


12. Weldments 
A. Designing for Production Welding 


11. Rocketry 
A. Welding of Large Rocket Motors 


10. Welding and Fabrication of 
Ni-Cr-Fe Alloys 


e Session sponsored by the ASME Metals 


Engineering Division 


e Titles of papers and names of authors 


will appear in April issue 


by John E. Bartley and Robert E. 
Frala, Aerojet-General Corp. 


. Machine Welding of a Prepackaged 


Liquid Rocket Engine 

by Ralph L. Hoetger, Thiokol Chemical 
Corp. and Walter B. Moen, Air Reduc- 
tion Sales Co. 


. Welding of High-strength Steels for 


Rocket Applications 
by W. H. Kearns, J. W. Semmel and 
J. D. Marble, General Electric Co. 


. Carbon-dioxide 


Gives Industry a Fully Accessible Motor 
by A. L. Cooper and W. H. Morse, 
Westinghouse Electric Corp. 
Welding of 
Sections for Radio Towers 

by G. D. Ries and J. R. Myers, Republic 
Steel Corp. 


Heavy 


. All-position Welding of HY-80 Steel 


with the Gas-shielded Process 
by Craig R. Sibley, Air Reduction Sales 
Co. 





APRIL 27, WEDNESDAY AFTERNOON THREE SIMULTANEOUS SESSIONS, 2:00 P.M. 


13. Nonmetallic Structural 


Materials 


Session sponsored by the ASME Metals 
Engineering Division 


« Titles of papers and names of authors 


will appear in April issue 


14. Weldability of Steels 
A. Welding of Low-carbon Martensite 


by W. P. Hatch, Jr., C. E. Hartbower, 
Watertown Arsenal Laboratories and 
R. E. Travis, Massachusetts Institute of 
Technology 


. Welding of Ultra-high Strength Sheet 


Steel 

by Harry Schwartzbart, John F. Rudy 
and Frank Suyama, Armour Research 
Foundation 


. The Welding of Heat-treated Hot-work 


Tool Steels 

by Sheldon S. White, Alloyd Research 
Corp., Mark M. D’Andrea and C. E. 
Hartbower, Watertown Arsenal 


Start at 2:00 P.M 
Start at 2:50 P.M 
Start at 3:40 P.M 


Papers 
Papers “ 
Papers “ 


15. Surfacing 


A. 


. Properties of 


Restoring Kraft Digesters by Welded 
Overlays 

by Wayne L. Wilcox and Hallock C. 
Campbell, Arcos Corp. 


. New Techniques for Cladding with the 


Gas-shielded Process 

by Ralph D. Engel, Air Reduction Sales 
Co. 

Plasma-sprayed Ma- 
terials 

by Alfred Eisenlohr, General Electric 


Co. 





APRIL 28, THURSDAY MORNIN 


16. High Alloys 


A. 


Time-temperature Parameters Affect- 
ing Corrosion of 18Cr-8Ni Weld Metals 
by Thomas J. Moore, Arcos Corp. 
(Presented on behalf of the subcom- 
mittee on Welding of Stainless Steel, 
High Alloys Committee, WRC) 


. Properties of Chromium-steel Weld 


Metals 
by Julius Heuschkel, Westinghouse 
Research Laboratories 


. Some Factors Affecting the Weldability 


of the Cupro-nickels 
by Charles E. Witherell, International 
Nickel Co., Inc. 


17. Oxygen Cutting 
A. Oxygen Cutting of Bevels 


by George R. Spies, Jr., Air Reduction 
Sales Co. 


. Recent Development in Oxy-fuel Gas 


Cutting 
by Clifford C. Anthes, Linde Co. 


. An Up to Date Discussion of Oxygen- 


natural-Gas Cutting 
by Edward S. Young, Harris Calorific 
Co. 


G THREE SIMULTANEOUS SESSIONS, 9:30 A.M. 


Papers “A 
Papers “B 
Papers “‘C 


Start at 9:30 A 
Start at 10:20 A 
Start at 11:10 A 


M 

. 
Vl 

M 
vi 


18. Gas-shielded Welding 


A. 


Micro-wire Welding 
by John H. Headapohl and Harley J. 
Orr, Hobart Brothers Co. 


. Wire for Spatter-free Welding of Mild 


Steel in Carbon Dioxide 
by Everett Cushman, Air Reduction 
Co., Inc. 


. Short-arc Consumable-electrode Weld- 


ing Applications and New Develop- 
ments 

by T. McElrath and G. W. Oyler, Linde 
Co. 
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Papers “A” Start at 2 
Papers ““B” Start at 2 
Papers “C” Start at 3 





APRIL 28, THURSDAY AFTERNOON TWO SIMULTANEOUS SESSIONS, 2:00 P.M. 


19. Ductility of Steels 20. Brazing 


A. 


Notch Sensitivity in High-strength 
Sheet Materials 

by George M. Orner and Carl E. Hart- 
bower, Watertown Arsenal Labora- 
tories ; 


. Netch-ductile Weld Metal for Dynami- 


cally-loaded T-1 Steel Structures 
by Julian S. Kobler, U. S. Naval 
Weapons Plant 


. Critical Range of Fracture Initiation 


Caused by Circular-patch Welding 

by T. Kumose, T. Yoshida, T. Abe, 
H. Onoue and M. Odda, Yokohama 
Shipyard & Engine Works 


A. New Alloys for Brazing Heat-resisting 


Alloys 
by William Feduska, Westinghouse 
Electric Corp. 


. Properties of Stainless-steel Sandwich 


Using Low-Density Honeycomb Cores 
by Harold Smallen and William F. 
Roberts, Norair Division of Northrop 
Corp. 


. Strength of the Single-lap-joint Bond 


by Karl M. Weigert, Curtiss-Wright 
Corp. 





Papers “A” Start at 9:30 A.M 
Papers “B” Start at 10:20 A.M. 
A.M. 


APRIL 29, FRIDAY MORNING THREE SIMULTANEOUS SESSIONS, 9:30 A.M. 
Papers “C” Start at 11:10 


23. Processes 
A. A New Electron-beam Welding Unit 


22. Pipe Lines 
A. Design, Welding Procedure and Fabri- 


21. Columbium, Titanium and 
Zirconium 


. Welding Columbium and Columbium 


Alloys 
by William N. Platte, Westinghouse 
Research Laboratories 


. Low-energy Fusion Welding of Titan- 


ium Alloys 

by S. S. White, Alloyd Research Corp., 
M. M. D'Andrea and C. E. Hartbower, 
Watertown Arsenal 


. Diffusion Bonding of Zircaloy Plate- 


type Fuel Elements 
by Harry Schwartzbart, and William 
Lehrer, Armour Research Foundation 


cation of Concentric Molten-sulphur 
Pipe Line 

by C. M. Cockrell, Freeport Sulphur 
Co. and J. M. Shilstone, Shilstone 
Testing Laboratory 


. Welding on High-pressure-gas Trans- 


mission Pipe Lines 

by Robert S. Ryan and _ Robert 
Wright, Columbia Gas System Service 
Corp. 


. Induction Pressure Welding of Girth 


Joints in Steel Pipe 

by R. L. Koppenhofer, W. J. Lewis, P. J. 
Rieppel, G. E. Faulkner, Battelle Mem- 
orial Institute and Harry C. Cook, Esso 
Research & Engineering 


by W. J. Greene and R. R. Banks, Air 
Reduction Sales Co. 


. The Characteristics of Flat Welding 


Wire 

by Vincent H. Godfrey, Page Steel & 
Wire Division of American Chain & 
Cable Co. 


. Preheated Welding Wires and Their 


Effect on Welding Characteristics 
by W. T. DeLong, J. H. Bradbury and 
H. F. Reid, The McKay Co. 





WELDING SHOW EXHIBITS AND DEMONSTRATIONS 
GREAT WESTERN EXHIBIT CENTER 
Tuesday, April 26 « 10:00 A.M. to 10:00 P.M. 
Hours of the Exposition { Wednesday, Apri! 27 ¢ 10:00 A.M. to 10:00 P.M. 
Thursday, April 28 e 10:00 A.M. to 6:00 P.M. 


The above schedule of technical papers 
is not necessarily final. A more complete 
and detailed program, including an ac- 
count of other activities, will be published 
in the April issue of the WELDING 
JOURNAL. 


Admission by Registration 
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KEEPING YOU POSTED 


@ To each reader I send New Year 
Greetings and sincere wishes that 
1960 and the following years of this 
new decade may bring you greater 
opportunities and gratifying succes- 
ses. In our rapidly expanding econ- 
omy the AMERICAN WELDING So- 
CIETY, the welding industry and you 
““Men of Welding” can look forward 
with confidence. 

@ The JouRNAL of last October in- 
cluded an article outlining a group 
insurance plan your Society has 
made available to its members. 
You have received two brochures 
giving further details and indicating 
in the second that sufficient applica- 
tions had been received to make the 
plan effective as of Dec. 1, 1959. 
Each member should decide for him- 
self whether participation in one or 
more of the plans will be advanta- 
geous. 


@ Information in this same issue of 
the JOURNAL marked the start of a 
drive to secure funds to help under- 
write the cost of the new United 
Engineering Center which will in- 
clude national AWS Headquarters. 
As these notes are being written in 
November, several AWS Sections 
have already been successful in se- 
curing pledges equal to their goals. 
Have you done your share? 

@ You have recently received a 
nomination ballot for 1960-61 AWS 
national officers, directors and mem- 
bers of the national nominating com- 
mittee. Information about the 
nominees was published in the 
December issue of the Journal. Re- 
turn your ballot promptly. 


@ You have also received hotel 
reservation forms for the Annual 
Meeting and Welding Exposition to 
be held in Los Angeles, Apr. 25-29, 
1960. The technical program for 
this meeting appears elsewhere in 
this issue of the JoURNAL. This 
first meeting of the Society on the 
West Coast offers unprecedented 
opportunities for combining vaca- 
tion and travel bargains with at- 
tendance at the meetings. Mem- 
bers of our Los Angeles Section, 
assisted by those of other California 
Sections, are planning a full sched- 


ule of delightful activities for mem- 
bers and their ladies. Airlines and 
railroads offer attractive round-trip 
fares providing for travel by various 
routes, even including Canada and 
Mexico, with liberal ‘‘stop-over’’ 
privileges in the many outstanding 
vacation areas. 
@ rrobably the gayest and most 
satisfying experiences will be en- 
joyed by those who can participate 
in the Mid-Pacific Conference and 
the visit to Hawaii as outlined in the 
brochure sent to you with the hotel 
form, and also in recent issues of 
the JoURNAL. This tour has been 
planned to include the best of 
Hawaii—Honolulu, Waikiki, Kauai- 
special parties, dinners, tours with 
your own AWS friends— travel by jet 
plane to and from Honolulu, by 
‘“‘prop”’ planes, Oahu to Kauai and 
return. Cost of transportation 
alone is well over $300. The cost of 
hotel room, meals as outlined, par- 
ties, tours, ground transportation 
and gratuities is only a little more 
than $20 per day. Since reserva- 
tions are limited be sure that you 
send your request promptly. 
@ President MacGuffie and your 
Secretary drove to Hartford, Conn., 
on October 21st to attend the open- 
ing day events of the two-day New 
England Welding Conference and 
Show for which W. A. Duncklee 
and V. Zdon were co-chairmen and 
District Director G. W. Kirkley, Jr., 
was active organizer and publicity 
chairman. The two-session, six- 
paper technical program, with H. A. 
McGlew and H. Udin as chairmen, 
included talks by Vice-president 
Thomas and Director Jay Bland. 
President MacGuffie and your Secre- 
tary spoke at the banquet at which 
President MacGuffie also presented 
a District Meritorious Award Cer- 
tificate to Ivar Johnson of the 
Northern New York Section. Con- 
vention Committee Chairman Ed 
Dato and Exposition Committee 
Chairman Jim Norcross were active 
participants. 
e@ Connecticut Lt. Governor Demp- 
sey cut a chain to open the welding 
show and then visited the sixty-three 
exhibits together with Society offi- 


by Fred L. Plummer 


cers. Attendance at the two-day 
show was reported to be about 2400 
and at the technical session some 
300. Other section members active 
in promoting the conference in- 
cluded F. J. Wallace, S. A. Zane, 
C. E. Swift, T. W. Brady and R. W. 
Anderson. 

@ Late October and early November 
visitors at headquarters included 
Edwardo Sanchiz of Spain, Dr. 
R. H. Aborn, A. V. Phillips of 
Toronto and A. Robert Jenkins of 
England. Mr. Jenkins is Chairman 
of the Council of the British Weld- 
ing Research Assn., a Past-president 
of the British Institute of Welding 
and has just completed a three-year 
term as vice president of the In- 
ternational Institute of Welding. 
Your Secretary and Mrs. Plummer 
were pleased to entertain Mr. and 
Mrs. Jenkins and recall previous 
meetings in Madrid and Vienna. 

e@ Your Secretary joined JOURNAL 
Editor Bonney Rossi and Assistant 
Carl Willer in a visit to the offices 
and plant of Mack Printing Co. at 
Easton, Pa., on October 28th. Com- 
pany officials C. S. Fleck and H. S. 
Hutchison, and many of their asso- 
ciates, extended a most cordial and 
gracious reception and cooperated 
fully in making the conferences and 
inspections effective and instructive. 
This company publishes’ the 
WELDING JOURNAL, the WELDING 
HANDBOOK and other SociETy books. 
e@ Early on the morning of Novem- 
ber 12th, your Secretary flew to 
Chicago, arriving right on schedule 
and just in time to meet the advance 
edge of the first severe 
snowstorm blowing out of Montana. 
This did not delay a visit to Illinois 
Institute of Technology and a talk 
to engineering students of the Insti- 
tute which was followed by a lively 
question period; however, it did 
cause delays which plagued your 
Secretary and President Mac- 
Guffie during the next two days. 

e@ Returning to the airport for a mid- 
afternoon flight to Moline, a can- 
celled flight resulted in a bus ride to 
the Rock Island suburban station, 
a train ride and arrival in Moline 
some 4 ! hr late. Fortunately 


season’s 
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FOR ANY STAINLESS WELDING JOB 








ae a a ” Se ~*~ oe 


CORPORATION 


Photo courtesy of National Valve and Manufacturing Company, Pittsburgh,Pa. 

Specify Drawalloy “quality controlled” stainless steel welding wire for 
your next “quality weldments.” Your greatest advantage is experience . . . 
our experience in producing wires for welding exclusively. Because we are 
specialists, Drawalloy stainless steel welding wire is produced to strictly 
controlled specifications to provide the right chemistry, finish and temper 
for the finest quality weld metal and smoother operation in your automatic 
or semi-automatic equipment. Drawalloy stainless wires are available in all 
popular grades as well as 214 Cr, 1 Mo; 114 Cr, 4% Mo. 

Why not discuss your stainless welding wire needs with your Drawalloy 
Distributor or Representative . . . a man with the products and knowledge 
to help you. Bulletin 355 DC provides complete information on every grade 
of Drawalloy wire. Write to: Drawalloy Corporation, Lincoln Highway 
West at Alloy Street, York 13, Penna. 


—DRAWALLOY—— 


CORPORATION 
STAINLESS STEEL & TOOL STEEL WELDING WIRE 


THE WIRE MILL FOR THE WELDING INDUSTRY 


For details, circle Ne. 8 om Reader Information Card 
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President MacGuffie was traveling 
independently and, though faced 
with a_ similar cancelled flight, 
caught an earlier train and arrived 
in time for the dinner meeting of the 
Iowa-Illinois Section, at which Sec- 
tion Officers Zippay, Long, Dailey, 
Palmer, Hunt and Custer were in 
charge. Your Secretary missed the 
dinner but arrived in time to discuss 
Society plans and activities follow- 
ing President MacGuffie’s presenta- 
tion of ‘“‘A Glimpse at the Future of 
Welding.”’ 


e@ The following day was devoted to 
rather frustrating attempts to reach 
Milwaukee. Finally we arrived 
some four hours behind schedule, 
missing luncheon and afternoon ap- 
pointments, but in time for the social 
period, delicious buffet dinner and 
well attended meeting of the Mil- 
waukee Section at which Officers 
Dyble, McKeighan, Bluhm, Rine- 
hart, Keller, Loebel and Past-presi- 
dent Jack Chyle were generous 
hosts. President MacGuffie again 
presented a technical talk following 
a discussion of SocrETy activities 
given by your Secretary as a “coffee 
talk.” An after-meeting session 
with Section officers completed a 
full day. 


@ Leaving the hotel early the next 
morning we boarded a Viscount and 
took off from the airport for what 
we hoped would be a fast return 
trip to New York. After a period 
of sightseeing over Milwaukee and 
the surrounding area, our Captain 
announced that he was unable to re- 
tract the landing gear, was too heav- 
ily loaded to land on the icy Mil- 
waukee runways, would burn more 
fuel and fly to O’Hare field at 
Chicago to take advantage of longer 
and less icy runways. (Landing 
gear locked in down position is much 
less disturbing than same locked in 
up position.) Following an _ un- 
eventful landing at O’Hare field, a 
much delayed breakfast, two news- 
papers, one magazine, one paper 
back book (Humorous “Don’t Eat 
the Daisies’), and three optimistic 
but successively inaccurate an- 
nouncements of departure, we did 
leave during the early afternoon and 
arrived at LaGuardia airport about 
5:40 p.m. Following a taxi ride 
President MacGuffie caught a train 
to Chappaqua and your Secretary 
one toStamford. Arriving in Stam- 
ford about seven in a hard rain storm, 
the day was fittingly climaxed when 
it became apparent that the local 
taxidrivers were on strike. Mrs. 
Plummer responded to a telephone 
call and furnished transportation to 
complete the memorable trip. 





EDUCATIONAL: ACTIVITIES 


Special Courses 


The series of courses on various 
phases of welding, referred to in the 
WELDING JOURNAL’s October issue, 
has received much favorable com- 
ment. Companies and individual 
engineers have expressed their ap- 
proval and indicated that such 
courses are long overdue. 

Many members have asked to be 
kept informed and to be given the 
schedule as soon as it has been de- 
termined. The following is a tenta- 
tive report of the course scheduled 
for New York City. 


Subjects of the First Course 


The selection for the first course 
is the gas-shielded arc process com- 
prising inert-gas metal-arc welding 
(consumable and nonconsumable 
electrodes) and CO, welding. 

Among the subjects the course 
hopes to cover will be: fundamen- 
tals; inert-gas metal-arc welding 
(nonconsumable electrode); inert- 
gas metal-arc welding (consumable 
electrode); CO,-shielded processes; 
design fundamentals; power sources; 
automation; jigs and fixtures; cut- 
ting; new processes. 

Although no practical instruction 
will be given, it is very desirable that 
the processes be seen in operation. 
This will be arranged by means of 
field trips to locations where equip- 
ment can be seen in use or by means 
of closed-circuit television. 

If the necessary arrangements can 
be made, closed-circuit TV will be 
used. This medium is particularly 
suited to welding operations. The 
camera lens can bring close-up views 
of the various operations to a large 
audience whereas only a small group 
can witness them under normal con- 
ditions. Furthermore, since no eye 
shields are required for TV screen 
showing, the observer will be able to 
study the operation with greater 
comfort. 


Date and Location of First Course 


The first course will probably be 
held early in March, 1960, in New 
York. The first week in March 


would give sufficient time for organi- 
zation purposes and yet be far 
enough in advance of the 41st An- 
nual Meeting to prevent conflict. 

New York has been selected for 
obvious reasons, but subsequent 
courses may be held in areas to 
suit particular groups. It has been 
suggested that courses held in New 
York should be duplicated on the 
west coast. Interest and popula- 
tion considerations will probably de- 
termine where the courses should be 


held. 
Fee for the Course 


The fee for the five-day course is 
tentatively set at $75. This will 
cover instruction, literature, and 
transportation on field trips. It 
will cover a get-together dinner the 
first night. Attendees will be ex- 
pected to provide for their own 
hotel accommodations, meals, and 


Canadian Seminar 


transportation to and from their 
homes. 


Enrollments 


The number enrolled for the 
course will be limited to fifty. As 
soon as fifty applications have been 
accepted, the list will be closed. 
Each individual accepted will be 
notified and those who cannot be en- 
rolled will have their names added 
to a waiting list in case of cancella- 
tions or to be given the first oppor- 
tunity to attend a subsequent 
course. 


Final Details 


A great deal of work is still to be 
done before an actual date can be set 
and details finalized. A course will 
definitely be held in the spring and 
this advanced information shows the 
pattern the course will probably 
take. 


A one-day seminar sponsored by the Canadian Welding Society for 
Jan. 15, 1960, at the Ecole Polytechnique, Montreal, Que., Canada 
will cover “Brittle Fracture and Its Effect on the Design of Welded 


Structures.” 


Five aspects of the subject will be discussed by outstanding author- 


ities as follows: 


1. “Definitions and Basic Theory” by J. E. Rehder, Canadian 


Iron Foundries, Ltd. 


2. “‘Present Level of Knowledge of the Subject Covering Testing 
and Procedure Theories”’ by R. D. Stout, Lehigh University. 


“‘Case Histories of Field Failures and Conclusions’”’ 


22s 


Puzak, U. S. Naval Research Laboratories. 


4. “Selection of Materials.”’ 


Speaker to be announced. 


“Canadian Material Specification and Future Code Require- 


ments.”’ 


Speaker to be announced. 


5. “Comments on the Engineering Significance of Brittle Fracture” 
by L. M. Boyd, Dominion Engineering Works. 


Applications should be sent to D. W. Walker, Canadian Welding 


Society, P. O. Box 363, Montreal, Que. 
A small number of students will be admitted at an 


eon and dinner. 
inclusive fee of $3.00. 


The $15 fee includes lunch- 
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SECTION NEWS AND EVENTS 


As reported to Catherine M. O'Leary 


IN feleteliite 


INERT-GAS WELDING 


Birmingham—The Birmingham 
Section held its November meeting 
at Salem’s Restaurant Number Two 
on Tuesday, Nov. 10, 1959. A 
very interesting talk was delivered 
by Tom McElrath, division head, 
Development Laboratory, Linde Co. 
The talk was entitled “‘Short-arc Gas 
Metal-arc Welding with Small Di- 
ameter Wires,” it covered a brief 
history of the inert-gas welding proc- 
ess, and also described new de- 
velopments in the consumable-elec- 
trode processes. 

A color motion picture was used 
showing the application of this 
process to spot weld in the missile 
industry with a completely auto- 
mated setup. 

The short-arc process was de- 
scribed as a combination of a new 
type power supply, wire feed and 
torch equipment, and a new argon- 
CO, mixture. The process has 
proved successful for welding sheet 
metal, out-of-position welding and 
for filling large gaps caused by poor 
fitup. 


SPACE EXPLORATION 


Los Angeles—‘“‘What We Want 
to Accomplish in Exploration of 
Space’”’ was the subject matter pre- 
sented before an audience of ap- 
proximately 76 members and guests 
of the Los Angeles Section at the 
Rodger Young Auditorium on 
Thursday evening, Oct. 15, 1959. 
The subject paper was presented by 
Karl W. Linnes, research group 
supervisor, Guidance Technique 
Section, Jet Propulsion Laboratory, 
Pasadena, Calif. 
UCLA where he received his Mas- 
ter’s Degree in Engineering, Mr. 
Linnes has spent the last ten years 
in the employ of Jet Propulsion 
Laboratories as group leader in the 
Anticountermeasures Section and the 
Microwave Section. He was also in 
charge of the Microlock Tracking 
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A graduate of 


station during the Explorer Satel- 
lite series. 

The usual discussion period was 
followed by the showing of a film in 
color, entitled ““Time and Space.” 
A short business meeting was held 
prior to the technical session. This 
was followed by an interesting and 
educational film, entitled ‘‘For- 
gotten Ore of Eagle Mountain,” 
through the courtesy of Kaiser 
Steel Co. 


EDUCATIONAL LECTURES 


Los Angeles—The Los Angeles 
Section has held its second consecu- 
tive annual lecture series with an 
average nightly attendance of from 
25 to 30 members and student mem- 
bers. The lectures were held in the 
Southern California Edison Co.’s 
Auditorium. 


The series of lectures was opened 
on October 19th by Charles W. 
Zwissler, welding engineer in the 
Fabrication Division of Kaiser Steel 
Corp., whose subject was “Joint 
Design and Tooling for Plate and 
Structural Materials.”” The re- 
mainder of the lectures were as 
follows: 

October 20th—‘‘Process Control 
on Current Aircraft Porduction” by 
James E. Hurzeler, welding group 
leader, Production Development 
Laboratory, North American Avia- 
tion Inc. 

October 27th—‘“‘Brazing in the 
Nuclear Age’’ by George D. Cremer, 
senior staff engineer, Research Di- 
vision, Solar Aircraft Corp. 

October 29th **Maintenance 
Welding’ by Hugo Hiemke, Presi- 
dent, California Alloy Products Co. 





HEAR TALK ON EXPLORATION OF SPACE 


Karl W. Linnes spoke on the subject 
of exploration of space at the October 
15th meeting of the Los Angeles Section 


10th District Director F. V. McGinley 
outlined the Section’s obligation to con- 
tribute toward the new Engineering Build- 
ing in New York 


These are some of the members and guests who were present to hear Mr. Linnes 








SECTION MEETING CALENDAR 


FEBRUARY 1 

LEHIGH VALLEY Section. Walp’s Restaurant 
Allentown, Pa. Dinner 6:30. Meeting 8 p.m 
“Increased Use of Aluminum Through Welding,” 
P. H. Dickerson, Aluminum Company of America 

WICHITA Section. Dinner 6:30 p.m. Meeting 
8:00 p.m. “‘Iron-powder Low-hydrogen Elec 
trodes,” Richard K. Lee, Alloy Rods Co 


FEBRUARY 2 

HOUSTON Section. Welding Metallurgy Course 
Session!. Chapters 1,2, and3 

SANTA CLARA VALLEY Section. Lecture Series 
San Jose State College, Engineering Lecture Hall, 
Room E-118. 7:30-10:00 p.m Introduction to 
Course and Calculating Detail Design and Weld 
Bead Size. 

WESTERN MASSACHUSETTS Section. Sil 
houette Restaurant, Thompsonville, Conn. Dinner 
6:30. Meeting 8:00. “General Welding and 
Fabrication of Stainless Stee J. A. Goodford 
Crucible Steei Co. of America 
FEBRUARY 3 

CHICAGO Section. 6th Annual Mid-West Weld- 
ing Conference. Iilinois Institute of Technology 
Sponsored by Armour Research Foundation 

OKLAHOMA CITY Section. Swyden’s Restau 
rant. Dinner Meeting. Speaker Richard K. Lee 
Alloy Rods Co 

SUSQUEHANNA VALLEY Section. Foot Hills 
Manor, Shickshinny, Pa. Dinner meeting 6:45 
p.m. ‘CO. Welding,” R. W. Tuthill, Air Reduction 
Sales Co 

TULSA 
rication 


' FEBRUARY 4 
CHICAGO Section. 6th Annual Mid-West Weld 
ing Conference. Illinois Institute of Technology 
Sponsored by Armour Research Foundation. 
NORTHERN NEW YORK Section. Panetta’s Res 
taurant, Menands, N. Y. Dinner 7:00. Meeting 
8:15p.m Plasma Jet Theory and General Appli 
cations,” Merle Thorpe, Thermal Dynamics Corp 
SANTA CLARA VALLEY Section. Lecture Series 
San Jose State College, Engineering Lecture Ha 
Room E-118. 7:30-10:00 p.m 
Weld Design 
FEBRUARY 5 
PHILADELPHIA 
Panel Discussion 


FEBRUARY 8 

NORTHWEST Section Joint meeting with 
Foundrymen’s Association Shop trip America 
Hoist & Derrick Co., St. Paul, Minn 


FEBRUARY 9 

BIRMINGHAM Section. Salem's Number Two 
Restaurant. Social6:30. Dinner 7:00. Meeting 
8:00 p.m. “Pressure-vessel Fabrication for Nu 
clear Service,”’ W. Apblett, Foster Wheeler Corp 

DAYTON Section. Kuntz’s Cafe. Social 6:30 
Dinner 7:00. Meeting 8:00 p.m. “Stress Re 
lieving,”’ Gerald E. Scott, Hobart Bros. Co. 

HOUSTON Section. Welding Metallurgy Course 
Session Il. Chapters 4 and 5 


SECTION. 


Structural-steel Fab 


Application of 


Section 
Stainless Overlay 


Engineers Club 


IOWA-ILLINOIS Section. LeClaire Hotel, Mo 
line, Ill. “Welding, Cutting and General Fabri 
cation of Aluminum,”’ Dana W. Wilcox, Reynolds 
Metals Co 

NEW YORK Section. Victor's Restaurant. Din 
ner 6:15. Meeting 7:15 p.m Welding and 
Brazing of Nuclear Power Units,” P. Patriarca, Oak 
Ridge National Laboratory 

NORTHEAST Tennessee Section 
Problems of the Steam Turbine Industry 

NORTH TEXAS Section. Western Hills Inn 
Dinner and technical session,6:30p.m. Speaker 
Anthony K. Pandjiris, Pandjiris Weldment Co 

ST. LOUIS Section. Union Electric Cc 
and Locust Auditorium. Educationa 
Part |. “‘Steel-making Processes, Types 
Mechanical Properties 

SANTA CLARA VALLEY Section 
College, Eng. Lecture Hall, Room E-118 30- 
10:00 p.m. Lecture series Design fc 


Vessel and Heat Exchangers 


FEBRUARY 10 
CLEVELAND Sectior 
Center 
PASCAGOULA Section 
ation for Nuclear Service 
Wheeler Corp 


Welding 


San Jose State 


r Pressure 


Cleveland Engineering 
Pressure-vessel Fabri 


W. R. Apbliett, Foster 


FEBRUARY 11 

J.A.K. Section. Aurora, Ill. “Qualit 
Wm. Norton, Caterpillar Tractor Co 

SAGINAW VALLEY Section. Local Quiz Night 

ST. LOUIS Ruggeri's 
Developments in Welding Chrome-moly Steels 
0. R. Carpenter, The Babcock & Wilcox Cc 

SANTA CLARA VALLEY Section. Lecture Se 
ries. San Jose State College, Engineering Lecture 
Hall, Room E-118. 7:30-10:00 p.m Design for 
Stainless Steel, Nickel, and High-temperature 
Alloys 


Section Restaurant 


FEBRUARY 12 


DETROIT Section. “Inspection of Weld 


FEBRUARY 15 

PHILADELPHIA Section Engineers Clut 
Atomic-submarine Construction,’ G. W. Kirkley 
Electric Boat Div., General Dynamics Corr 


FEBRUARY 16 
HARTFORD Sectior 
for Welded Fabrication 
HOLSTON VALLEY Section. Bristol. Tenn 
Large Weldments Fabrication,” J. | 
weld Div., Lukens Stee! Co 
HOUSTON Section. Welding Metallurgy Course 
Session III, Chapters 6 and 7 
NEW HAMPSHIRE Section 
Manchester, N.H. 7:00 p.m 
NEW JERSEY Section. Essex House, Newark 
N. J. Dinner 6:30. Meeting8:00p.m. “A De 
scription of Electrosiag Welding,’ Walter H 
Wooding, Arcos Corp 
OLEAN-BRADFORD Section 
N.Y. Dinner7:00. Meeting 8:30 5.m M. 0 
Weld System,” A. E. Johnson, A. 0. Smith Corp 


Hartford Conr Desigr 


7 LuKen 


‘fe A 7 
ity Motel 


Queen 


The Castle Olean 





Editor's Note 
they may be published in the March Calendar 
speaker for each meeting. 


Notices for April 1960 meetings much reach JOURNAL office prior to January 20th. so that 
Give full information concerning time, place, topic and 





ST. LOUIS Section. Union Electric Co., 12th & 
Locust Auditorium. Educational Program, Part || 
“Welding Processes, Introduction to Metallurgy 
Simple Welds in Stee! 

SANTA CLARA VALLEY Section. Lecture Series 
San Jose State College Engineering Lecture Hall, 
Room E-118. 7:30-10:00p.m. ‘Design for Braz 
ing and Design for Resistance Welding 

TOLEDO Section. Toledo Yacht Club, Bayview 
Park. Dinner 6:00. Meeting 8:00 p.m. ‘Code 
Welding, Inspection and Repairs,”’ J. C. Carney 
Sun Oil Co. 

YORK-CENTRAL PENNSYLVANIA Sectior 


FEBRUARY 17 

PITTSBURGH Section. Auditorium, Mellon In 
stitute. ‘High-temperature and Nuclear Applica- 
tions of Stainless Steels,” R. W. Emerson, Pitts 
burgh Piping & Equipment Co 


FEBRUARY 18 
DETROIT Section 
MADISON Section 

Society of Tool Engineers 
PEORIA Section Junction, Peoria 

lil. Dinner 6:30 p.m. “Power Sources for Arc 

Welding,’ S. B. Owings, Miller Welding Supply Co 
SANTA CLARA VALLEY Se Lecture Ser- 

ies. San Jose State College, E ng Lecture 

Hall, Room E-118 ( 0 sign for 

Welding of Aluminum Alloys 


1+ Mootin 
Joint Meet 


Vonacnen s 


FEBRUARY 19 
CHICAGO Section. M 
ner 5:45 p.m. People’s 
1:30 p.m. “Aluminum Welding, Past, Present and 
Future,”’ |. A. MacArthur 
Corp 
FOX VALLEY Section. Appleton Elks Clut 
Appleton, Wis. 7:45 p.m Low-temperature 
Welding and Brazing,” Gordon Hill, Aladdin Rod & 
Flux Mfg.Co. Movie 
MARYLAND Section 
Joint meeting with Society of Nondestructive 
ing, Chesapeake Bay Sectior 
MILWAUKEE Section 
Evaluation of Recent Developments in 
Welding,’ R. A. Wilson, Lincoln Electric ( 


r’'s Restaurant. Dir 


Gas Auditorium, Meeting 


n Mathieson Chemical 


Stainless Steel Welding 

Engineers Club, Baltimore 
Test 
Ambassador Hotel. 
Automatic 


v 


FEBRUARY 23 

HOUSTON Section. Welding Metallurgy Co 
Session IV. Chapters 8 and 9 

LOUISVILLE Section 
p.m Hard Surfacing,” E 
LO 

ST. LOUIS Section. Union Elect 
Locust Auditorium. Educational Progran 
Hl Thermal Effects of Welding 
Factors, Tests to Measure Weldability 


Kentucky 


nurt, nay 


FEBRUARY 25 

NIAGARA FRONTIER Section 
Buffalo, N. Y. Dinner 6:45. Meeting 8:15 p.m 
Welding of the World’s Largest Undersea Craft 
The Atomic Submarine ‘Triton G. W. Kirkley 
Electric Boat Div 


Cypress 


General Dynamics C 


FEBRUARY 26 

INDIANA Section. Dinner—Mural Room, Miller's 
Restaurant. Meeting—State Teachers Building 
Indianapolis. ‘‘Gas Welding and Cutting,” James 
Howery, National Cylinder Gas Div., Chemetron 
Corp. 


FEBRUARY 29 
SAN FRANCISCO Section. Dinner 
“Furnace Brazing’ R. L. Ray, Pyromet Company. 


Meeting. 
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HOLD ANNUAL LECTURE SERIES 


The Chairman for the recent lecture 
series sponsored by the Los Angeles 
Section was John Wiley 


One of the participating speakers 
was P. W. Hookey who discussed 
the welding of aluminum 





November 3rd “Aluminum 
Welding” by Paul Hookey, welding 
engineer, Materials & Process Engi- 
neering Group, Douglas Aircraft 
Corp., Long Beach Division. 

November 5th—‘“Joint Design 
and Tooling for Gage Materials”’ by 
Philip A. Beeson, supervisor, Weld- 
ing Laboratory, Engineering Me- 
tallic Materials Lab., North Ameri- 
can Aviation. 

This terminated another fine 
series of educational lectures initi- 
ated by the Section’s education 
chairman, Robert W. Lester of 
Southwestern Engineering Co. 
Vice-chairman John Wiley presided 
as chairman through the lecture 
series. 


RESISTANCE WELDING 


San Diego—A dinner meeting of 
the San Diego Section was called to 
order in the Don Room of the El 
Cortez Hotel on Oct. 21, 1959. 
Among the guests who were intro- 
duced to the members by Chairman 


Bob Hawkins were W. Edwards, 
project superintendent, Fred Burke 
and M. A. Davis of the Propeller 
Division, De Havilland Aircraft Co., 
Ltd., Stevenere, England. 

April has been designated as 
Welding Month by the San Diego 
Section. Members, with the co- 
operation of local merchants, are 
planning to place tags on items in 
stores indicating those which have 
been welded. It is hoped this will 
make the public more “welding 
conscious”’ and point out the many 
ways the welding industry serves 
them. 

Members were requested to vote 
on whether the present officers were 
to remain in office until March or if 
they preferred new officers to be 
elected as soon as possible. The 
members voted to keep the present 
)fficers in tenure until March, at 

sich time there will be an elec- 
1 «il. 

‘rogram Chairman Roger Beemer 
inu.oduced two guest speakers: 





NATIONAL SECRETARY IS THEIR GUEST 


National Secretary Fred L . Plummer was the guest of the Executive Committee of the 
San Diego Section on October 7th. Show, left to right, Seth Jenkins, Roger 
Beemer, Mr. Plummer, J. R. Fullerton and Chairman Bob Hawkins 
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Albert Sciaky, senior welding engi- 
neer, Sciaky Co., Chicago, Ill., who 
spoke on “Resistance and Fusion 
Welding, Controls, Reliability and 
Reproducibility; and Jack Graux, 
district manager, Los Angeles Office, 
Sciaky Co., who spoke on “Flash 
Welding.” 

There were 100 members and 
guests present for the dinner and 
meeting. 


EDUCATIONAL LECTURES 


Berkeley—On Monday evening, 
Oct. 26, 1959, the San Francisco 
Section met for dinner and meeting 
at Spenger’s in Berkeley. 

Technical speaker was Earl R. 
Parker, professor of metallurgy at 
the University of California. Pro- 
fessor Parker gave an interesting 
and informative talk on the subject 
of “Brittle Fracture” as found in 
alloy steels. He described how, 
through research, it is possible to 
predict the behavior of a steel under 
certain conditions. Several slides 
were shown which gave an interest- 
ing study of cases where brittle frac- 
ture was responsible for failure of 
steel structures. He also touched 
on the welding of high-yield steels 
and the relationship to brittle frac- 
ture. 

This meeting was the fourth in a 
series of educational meetings spon- 
sored by the Section. The first 
three meetings were addressed by 
Tom Hazlett, professor of industrial 
engineering at the University of 
California. 

The first meeting covered a basic 
approach to “Elementary Ferrous 
Metallurgy.”” The structure of 
steel was discussed, as well as those 
conditions which result from heat 
treatment and alloy content. 

The subject of the second session, 
“Low Alloy and High-strength 
Steels,’’ was very timely and created 
considerable interest in view of the 
apparent increased usage of the 
high-strength steels in the area. 
The beneficial effects in the appli- 
cation of low-hydrogen electrodes to 
these steels was discussed. 

“Stainless Steels and Nonferrous 
Alloys’”’ were covered in the third 
session. The stainless steels were 
placed in the three categories and 
discussed with regard to their com- 
position. This was followed by the 
discussion of aluminum alloys. 
These were also placed in three cate- 
gories and discussed with regard to 
their compositions and _ physical 
properties. 

In all four sessions, the topics were 
well presented and received much 
participation, indicating the high 





ATTEND FIELD TRIP TO X-RAY PLANT 


In September, the members of the San Francisco Section attended a field trip to X-Ray 
Engineering Co. Among those present were these members of the Executive 
Committee, left to right: K.C. Cummings, R. E. McCormick, L.A. Kech, J. Basich and 


L. Tinnes 





There were ap- 
members in at- 


degree of interest. 
proximately 85 
tendance. 


VACUUM-BRAZING 
TECHNIQUES 


San Jose—Robert C. Bertossa, 
technical director for the Pyromet 
Co., San Francisco, was the speaker 
at the October 27th dinner meeting 
of the Santa Clara Valley Section 
held in the King DoDo Room of the 
Hawaiian Gardens. Mr. Bertossa’s 
subject was on ‘“Vacuum-Brazing 


Techniques.”” Among the points 
brought out in his talk was that 
vacuum brazing is becoming an im- 
portant and increasingly prominent 
method for joining metals. Its ad- 
vantages are particularly apparent 
in joining dissimilar metals, and 
obtaining higher degrees of sound- 
ness and freedom from voids in 
brazing of joints, with common 
metals and alloys. 

In recent years, high-vacuum at- 
mospheres have shown great prom- 
ise in joining unusual metals for 
atomic energy and missile re- 
quirements. Titanium, zirconium, 





SAN FRANCISCO SPONSORS EDUCATIONAL LECTURES 


Some of the members of the San Francisco Section who were instrumental 
in conducting a recent series of four educational meetings are, left to 
right, Chairman R. McCormick, E. Parker, T. Hazlett, J. Basich and B. Faas 


Members present at October meeting listen to Chairman McCormick's remarks 


Which piece of 
20 carbon steel was 
gouged in 26 minutes? 


These two blocks of 20 carbon steel 
are 7 in. square and 8 in. long. The 
groove is 2% in. deep. The block on 
the right took 1%4 hours to chip out. 
The one on the left was gouged with 
an Arcair torch in 26 minutes — four 


times faster! 


You can cut, gouge, bevel or groove 
any metal using the Arcair method — 
and get dramatic cost savings with an 


investment of much less than $100. 


HOW DOES ARCAIR WORK? The torch 
utilizes air from an 80 p.s.i. air line, 
current from a welding machine and 
special electrodes to melt and remove 
metal. Fifteen minutes instruction is 


all an operator needs. 


WHAT'S YOUR PROBLEM? Write us your 
specific problem. We'll give you a 
speedy and sincere answer. 


Arca 


THE ARCAIR CO., 427 S. Mt. Pleasant St. 
Lancaster, Ohio 


| 
| 
' 


Send me more information on Arcair Torches and 
specio! electrodes 


NAME 


 — 


COMPANY 


ADDRESS___ 


CITY 


MY 
PROBLEM 


eee 


For details, circle Ne. $ on Reader information Card 
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AT OCTOBER MEETING OF COLORADO SECTION Horace Jackson of the Thompson 
Pipe and Steel Co., Denver, told of 


his trip this past summer to India as 
a consultant on some welding prob- 
lems. He described a number of 
experiences with welding in India 
and also commented on his entire 
trip, which took him to Tokyo, 
Hong Kong, Bangkok, Calcutta, 
Bombay, New Delhi, Moscow, Brus- 
sels and London. His talk was 
augmented by slides. The presen- 
tation was a very interesting one. 


W. L. Bush, C. E. Reissig, S. Flohr, P. J. Foehl and J. R. Mascarello, left to right, (@felilal-taitetl; 
were among the officers of the Colorado Section present at the October 8th 


meeting, at which National Secretary F. L. Plummer was the principal speaker 
NONDESTRUCTIVE TESTING 


Glastonbury—The Hartford Sec- 
molybdenum, tantalum, columbium, group gathered at 6:30 p.m. for an tion held its second regular monthly 
beryllium, and even tungsten can be appetizer until 7:00 when dinner was meeting on Nov. 17, 1959, at Villa 
satisfactorily brazed by vacuum served. Maria Restaurant in Glastonbury. 
techniques, as well as stainless steels, 
high-nickel alloys, and even precious ; 7 sce ie ; =" 
metals. Educational Course on “‘Design for Welding” 

Mr. Bertossa’s presentation 
covered descriptions and _photo- The Santa Clara Valley Section will conduct its 1960 annual lecture 
graphs of some unusual vacuum- series during the month of February. The general theme will be 
brazing techniques, and referred to “Design for Welding.”’ The series of lectures has been planned to 
many interesting combinations of bring up-to-date information to design, mechanical and welding 
metals joined by these techniques. engineers, students in various engineering fields, shop supervisors and 
It also included interesting examples craftsmen and members of management concerned with the welding 
of vacuum-bonded parts and struc- industry. 
tures used in special applications in Last year’s series on “Welding Structural Metals’ was received 
many diverse industries. with enthusiasm and it is anticipated that the attendance of 150 
; registered participants will be repeated. 
The lecture series will be conducted at the San Jose State College in 
the Engineering Lecture Hall, Room E-118. The course will consist of 
six evening periods starting at 7:30 P.M. and ending at 10:00 P.M. 
Outstanding speakers have accepted invitations to lecture on their 
WELDING IN INDIA specialized welding topics, and will help those in attendance to keep 
} : ial abreast of the latest developments in the welding field. A question 
Denver The Colorado Section period will be conducted at the end of each lecture to cover practical 
held its November meeting on the related problems. 
10th at Cavaleri’s Restaurant. The There will be a small tuition fee for the course. Part of this fee may 
be applied by nonmembers toward membership in the AWS. Mem- 
bers and engineering students will be allowed a discount on the fee 
SPEAKS ON HEALTH HAZARDS for the course. There will be an appropriate certificate awarded to 
those who complete the course. 
The dates and topics to be covered are as follows: 


Feb. 2,1960 ‘Introduction to Course and Calculating 
Detail Design and Weld-bead Size”’ 
Feb. 4,1960 ‘Application of Weld Design” 
Feb. 9,1960 ‘‘Design for Pressure Vessel 
and Heat Exchangers” 
Feb. 11, 1960 ‘Design for Stainless Steel, Nickel 
and High-temperature Alloys”’ 
Feb. 16, 1960 “Design for Brazing and 
Design for Resistance Welding” 
Feb. 18, 1960 “‘Design for Welding of Aluminum Alloys” 


The course has been planned to be of unusual interest and will be of 
decided benefit to those persons who are concerned with the proper 
design for welding fabrication or construction from the aspects of 
developing and maintaining adequate strength for weldments; de- 

John Huminik, Jr., spoke on health haz- termining maximum economy of materials; prevention of wasted time 
ards and the welding of uncommon met- to reach completion of production; and savings to be enjoyed in labor 
als at the October 15th meeting of the costs. 
Washington Section >of 
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J. H. Hilding, inspection manager 
of the Electric Boat Co., Groton, 
gave a very informative talk on 
nondestructive test methods used by 
his company in testing welds on 
U.S. Navy submarines. 


District of Columbia 


HEALTH HAZARDS 


Washington—The Washington 
Section did not plan a coffee talk for 
its Oct. 15, 1959, meeting— it just 
happened. Martin Friedman of 
Norfolk, Va., was on a business trip 
to Baltimore and stopped off in 
Washington for dinner and the Sec- 
tion meeting. 

First of all, he told about collect- 
ing money, and elaborated on the 
subject by displaying two- and 
three-dollar bills and Confederate 
money, as well as currency from 
other countries. 

He then changed the subject to 
his recent trip abroad and showed 
pictures of many water-wheel in- 
stallations. One facet of his busi- 
ness is specializing in the repair of 
these turbine wheels, etc., by weld- 
ing. 

The scheduled speaker for the 


evening was John Huminik, Jr., of 


the Value Engineering Co. in Arling- 
ton, Va. He gave a condensed 45- 
min version of the paper he has al- 
ready presented at the 40th Annual 
Meeting in Detroit and later at 
New York University. The title 
was “Health Hazards and Welding 
of Uncommon Metals.” 

A great deal of research effort has 
obviously been put in on medical 
journals, background reading, and 
discussions with medical people in 


order to develop the synopsis of 


diseases that can be contracted 
through association with the various 
welding processes. 

He has accumulated a lot of data 
to show the maximum permissible 
dosage for these diseases. 

Also covered for welding people in 
general are a method of prognosis 
which predicts in advance what 
combinations of materials can cause 
trouble, including those containing 
explosive possibilities. 

In addition Mr. Huminik dealt 
with the weldability of 16 uncom- 
mon metals. 





APRIL IS NATIONAL 
WELDED PRODUCTS 
MONTH 











DOES YOUR WELDING EQUIPMENT 
3 REQUIRE 


WATER 
COOLING ? 





“Bernard ’’ WATER COOLERS provide the most 
complete selection of cooler circulators for use on the 
following types of welding equipment, at prices from 


$92.00 to $325.00. 


etn — = 


TG MIG (GUN) AUTOMATIC SPOT INDUCTION 


PROVIDES ...A dependable trouble-free source of coolant 
for your welding equipment, in the shop or 
in the field. 


ELIMINATES ... Expensive plumbing, long hoses, etc. 


PROTECTS ... Equipment from burn-outs, clogging of nozzles, 
etc. 


SELECTION ... 9 Models to choose from. 


Remember { f 


There is a Bernard Cooler to fill 
your cooling need. 


BERNARD Call your welding distributor or write today 
BERNARD WELDING EQUIPMENT CO 


M nG + . , 
Spene Weta 10232 Avenue N Chicago 17, Illinois 
For details, circle No. 10 on Reader information Card 


PIONEER FoR 
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SUGGESTIONS AND 
PROBLEMS 


Miami—A meeting of the South 
Florida Section was held on Oct. 21, 
1959, at the Miami Pioneer’s Club. 
“Gripes, Suggestions and Problems”’ 
were discussed by Robert E. Arm- 
strong. 

Emphasizing that the aim of AWS 


is to ‘“‘advance the science and art of 


welding,’’ Mr. Armstrong pointed out 
that the place to start is in the high 
schools. Here the juniors and sen- 
iors could be told about welding and 
the opportunities for them in this 
field. Also, it is important to get 
the right information into the hands 
of the vocational counsellors at these 
schools so that they can get their 
students started off in the right 
direction. He also suggested going 
to the welding operators and giving 
them the opportunity and encour- 


agement to learn more about the art 
and science of welding. “If’’, Mr. 
Armstrong stated, “‘we can take half 
a dozen ‘rod burners’ and get them 
interested enough and provide them 
with the information and training 
they need to become skilled tech- 
nicians, then we are justified in be- 
ing an AWS Section. The Society 
is not a management society nor a 
labor society; it is a technical so- 
ciety formed for the advancement 
of welding. We can’t do a halfway 
job and stop with the operators. 
We’ve got to get to the people who 
do the welding; the businessmen 
and the manufacturers or fabri- 
cators. We've got to sell them on 
the advantages of welding and using 
the latest methods and techniques. 
We’ ve got to show them how the use 
of the latest methods and equipment 
can lower costs and enable them to 
produce a better product. At the 
same time “confirmed Mr. Arm- 
strong,”” we must provide these 
fabricators, engineers and welding 
supervisors with all the available 


tools we have so they can do the best 
design and welding job. We must 
spread the gospel of good weld de- 
sign, good quality welding, good 
inspection and up-to-date equip- 
ment and methods. We should also 
educate them in the requirements of 
the various city, county, state and 
national codes and how to meet their 
requirements.” These and many 
other opportunities were pointed out 
by Mr. Armstrong. 


LECTURE SERIES 


Chicago—The Chicago Section 
recently completed its Second An- 
nual Educational Lecture Series on 
the welding metallurgy of low alloys, 
stainless alloys, and aluminum al- 
loys. This series ran from Sep- 
tember 17th through October 15th, 
ard was very successful with an en- 
rollment of 160 students and prac- 





SECOND ANNUAL EDUCATIONAL LECTURE HELD IN CHICAGO 


The second annual educational lecture series sponsored by the Chicago Section ran from 
September 17th through October 15th. Part of the large crowd in attendance is shown above 


Richard Lee spoke on welding 
metaliurgy of low-alloy steels on 
September 17th and 18th 
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Wayne Wilcox dealt with welding 
metallurgy of stainless steels on 
October lst and 8th 


F. R. Baysinger lectured on welding 
metallurgy of aluminum alloys 
on October 15th 





INDIANA SECTION VISITS PLANT 


On October 23rd, the members of the Indiana Section visited the Deico- 
Remy Plant No. 1, in Anderson, ind. Here, the group is shown at dinner 


A typical scene during the plant 
teur is pictured above 





tically a perfect attendance at every 
meeting. The outstanding success 
of this lecture series was due to the 
excellent cooperation of the Chicago 
Bridge & Iron Co., Alloy Rods Co., 
Arcos Corp., Kaiser Aluminum & 
Chemical Corp.; the hard work of 
the members of the Chicago Edu- 
cational Activities Committee, and 
the active participation of the 
students. The Chicago Section 
feels gratified in having sponsored 
this contribution to welding educa- 
tion and looks forward to presenting 
future lecture series. 


DEMONSTRATION 


Danville—Some 100 persons, in- 
cluding many members of the East- 
ern Illinois Section, were present at 
a demonstration by representatives 
of Linde Co., with machine and 
manual inert-gas metal-arc welding 
equipment held at Depke Welding 
Supplies, Inc., on October 28th. 
Each person had an opportunity to 
run each machine. 


LIGHT-GAGE STEELS 


Peoria—The Peoria Section held 
its regular monthly meeting at 
Vonachen’s Junction on Wednesday, 
October 14th. 

The speaker, Ned Whitston, 
works manager of Anthony Co., 
spoke on “Semiautomatic Welding 
of Light-Gage Steels.”” His discus- 
sion dealt with applications and 
processes used in the fabrication of 
truck bodies. His nontechnical talk 
was accompanied by slides and was 
of general interest to those present. 





PLAN NOW 
TO ATTEND 
AWS 41st ANNUAL MEETING 











PLANT TOUR 


Anderson—The second meeting 
of the Indiana Section for the 1959 
60 fiscal year was held on Friday, 
Oct. 23, 1959, at Delco-Remy Plant 
No. 1. One hundred members and 
guests were served dinner in the 
plant cafeteria. R. ““Bob’’ Kessler, 
works manager, gave a short talk 
of welcome followed by a description 
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of the Delco products by Paul 
Staton. This was followed by a 
very interesting tour of Plant No. 6, 
which is the voltage regulator plant. 


INDUSTRIAL TOUR 


South Bend—On October 15th, 
35 members and guests of the 
Michiana Section enjoyed a visit to 
Drewry’s Ltd., a brewery plant. 
Just before going through the plant, 
a movie was shown describing the 


MACHINERY 
BUILDERS 








ACR@©® general purpose spot-projection-butt-seam re- 
sistance welding machines. 


ACRO-ARC ® special purpose production welding ma- 
chinery employing automatic arc welding 


processes. 


ACROMATIC® special purpose production welding 


machinery employing resistance welding 


processes. 


ACRO-MAGNETIC® magnetic force spot, projec- 


tion, and percussion welding machines. 
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EDSTROM, LINCOLN AND PLUMMER ADDRESS WICHITA SECTION 


National Secretary F. L. Plummer spoke 
on the activities of AWS at October 
12th meeting of Wichita Section 


Mr. Edstrom and Mr. Lincoln are photographed with some of 
Left to right, are Bill Dent, Jim Townsend, 


the Section officers. 


IIW President-elect Walter Edstrom 
outlined the scope of the Inter- 
national Institute of Welding 


Mr. Edstrém, Mr. Lincoln, Jim Fenke and Bill Smith 


Welding standards and welding con- 
struction were discussed by James 
F. Lincoln, the principal speaker 


Part of the large, attentive audience is 
shown listening to the guest speakers 





brewing procedure. Then followed 
a period when the audience could 
actually see the processes that had 
been depicted in the film. After 
the trip, the members were guests of 
Drewry’s in their famous (in South 
Bend, at least) Rathskeller. 


CARBON-DIOXIDE WELDING 


Des Moines—-The regular meet- 
ing of the Jowa Section was held on 
Oct. 15, 1959, in the Garden Room 
of the Hotel Kirkwood. 

Wayne Putnam, section chair- 
man, conducted the meeting and 
introduced the guests. E. J. Peter- 
son, program chairman, introduced 
the speaker for the evening, Harley 
J. Orr of the Hobart Bros. Engi- 
neering Dept. 

Mr. Orr’s subject was “CO, 
Welding and Equipment.” His 
talk dealt primarily with the equip- 
ment available for this process. 
Slides were used to illustrate the 


talk, which was well received and of 


interest to many. 
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Kansas 


FUTURE OF WELDING 


Wichita—The Wichita Section 
was very fortunate to have three 
prominent men-of-welding as guest 
speakers at their meeting held on 
Monday night, Oct. 12, 1959, at 
Wichita University’s new Student 
Activities Center. 

National Secretary Fred L. Plum- 
mer briefly outlined the AWS activi- 
ties and introduced Walter Edstrom, 
president-elect of the International 
Institute of Welding. Mr. Ed- 
strom outlined the purpose and 
goals of the Institute and it was 
gratifying to learn of the inter- 
national scope of welding. 

The principal speaker of the eve- 
ning was James F. Lincoln, chairman 
of the board of the Lincoln Electric 
Co., who gave an excellent talk on 
the future of welding. His pre- 
dictions anticipated gains for weld- 
ing and the industry; he also urged 
all engaged in welding to promote a 
better and more general understand- 
ing among nonmembers of the in- 
dustry. As with other industries 


and manufacturing processes, 
mechanization will play a large and 
important part in the future of 
welding. He forecast that machine 
welding will replace hand welding 
in a growing number of instances. 

Mr. Lincoln suggested that weld- 
ing education among those engineers 
who specify construction procedures 
could overcome the distrust applied 
to welding through a lack of under- 
standing. He pointed out that the 
opposition to welding results from 
the natural resistance to change 
exercised by some engineers. All 
new processes and procedures have 
met this resistance but it has been 
particularly successful in regards to 
welding. He suggested specifying 
weld-metal deposit on chemistry as 
is now done for the base metal, 
since weld strength has been demon- 
strated through numerous successful 
applications. More realistic codes 
and specifications would help re- 
move the handicap now suffered by 
welding. 


POSSIBILITIES AND 
RESPONSIBILITIES 
Wichita—The regular monthly 
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meeting of the Wichita Section was 
held on November 9th in the Stu- 
dent Activities Center of the Uni- 
versity of Wichita. 

“The Possibilities and the Respon- 
sibilities of the Welding Industry” 
was the subject of a talk given by 
James R. Warn. 

Mr. Warn is well qualified to 
speak on the possibilities and re- 
sponsibilities of the welding industry 
having been a welding inspector for 
the State of Kansas Highway Dept. 
and is now assistant chief engineer 
for Havens Structural Steel, Kansas 
City, Mo. 

Mr. Warn spoke of the limitless 
possibilities of welded design but 
stressed the industry’s responsibility 
in assuring quality and continued 
faith in welded products. Wider 
use of welding can be successfully 
promoted by active educational 
efforts, by welding societies and 
their members. 

The talk was complemented by a 


fine collection of 35-mm slides of 


successful welded structural design 
including the Los Angeles freeway. 
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METAL REMOVAL 


New Orleans—Forty-two mem- 
bers and guests of the New Orleans 
Section were present on Oct. 20, 
1959, at Caruso’s Continental Room 
for their regular monthly meeting. 

Dude Vaught, district manager 
for the Arcair Co., Lancaster, Ohio, 
was the speaker. He gave a very 
interesting and enlightening 60-min 
talk on “‘Metal Removal by the Com- 
pressed-air Carbon-arc Process.”’ 

Prior to the technical meeting, 
cocktails and a very tasty dinner 
were enjoyed. 


MAINTENANCE WELDING 


Baltimore—The regular monthly 
meeting of the Maryland Section 
was held on Oct. 16, 1959, at the 
Engineers Club of Baltimore. 

The Section was pleased to have a 
repeat dinner speaker in Bruce A. 
Herman of the J. E. Griener Co. 
Mr. Herman, resident engineer of 
the Baltimore Harbor Tunnel, and 
the Chesapeake Bridge, spoke on 
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the Bay Bridge and showed a film 
of the construction of the substruc- 
ture and superstructure of the 
Bridge. 

The technical meeting speaker 
was Cares C. Keyser, welding engi- 
neer, Steelton Plant, Bethlehem 
Steel Co. His subject for the eve- 
ning was ‘‘Maintenance Welding and 
Hard Surfacing’’—how to do it, and 
techniques. He showed several 
slides of large pieces of equipment 
that had been repaired by proper 
maintenance welding using the auto- 
matic submerged-arc process. 
Slides showing equipment and ma- 
chine setups used in maintenance 
welding operations were shown. 

The time and savings in being able 
to repair equipment by welding, and 
adding years of service, were shown 
by use of various techniques. 

Mr. Keyser gave additional in- 
terest to the meeting by showing 
slides and explaining the procedure 
for manual-arc welding of heat- 
treated rail steel using low-hydrogen 
covered high-tensile E15016 elec- 
trodes. 
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Massachusetts 


LIGHT AND HEAVY 
WELDMENTS 


Boston—The _ second regular 
monthly meeting of the season was 
held on Nov. 9, 1959, at the Hotel 
Bostonian by the Boston Section. 
Both the dinner and the meeting 
were well attended, with approxi- 
mately one hundred in attendance. 
The General Electric Co. in the 
Boston area provided the two 
speakers of the evening. 

Allen Rosenberg, manager of 
metals engineering in the Aircraft 
Accessories Turbine Dept., spoke on 
“Automatic Welding of Aircraft 
Accessories.”” The speaker de- 
scribed the transition from manual 
welding to complete automation of 
the welded parts which are produced 
at the Lynn facility of the General 
Electric Co. The importance of 
wire surface and quality to this type 
of welding was very thoroughly 
covered. A slide rule has been 
developed to aid designers and pro- 
duction men in_ pre-establishing 
welding conditions and costs for new 
applications. 

The second speaker was Carl M. 
Helmer, welding engineer of Me- 
dium Steam Turbine Generators 
and Gears. Mr. Helmer’s address 
covered heavy weldments as applied 
to medium steam-turbine generators 
and gears. 

Both speakers very ably covered 
their subjects and created consider- 
able interest in the audience. 


RESISTANCE-WELDING 
GROWTH 


Detroit—A hundred members 
and guests attended a special tech- 
nical meeting of the Detroit Section 
to hear Stuart C. Rockafellow, vice- 
president in charge of engineering 
for the Robotron Corp., Detroit, 
describe the growth of resistance 
welding from Dr. Thomson’s early 
work through a new technique which 
appears to have considerable prom- 
ise. Mr. Rockafellow’s long ex- 
perience and study of resistance 
welding provided a rich store from 
which he drew a most interesting 
picture of the past. He then moved 
into the very new with a lucid ex- 
planation of the “spike welding” 
process which has been developed in 
recent years. Essentially, it re- 
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duces time from cycles to micro- 
seconds, chopping off the conduc- 
tivity of the ignitron before the 
current wave passes through zero. 
High voltages and currents are 
induced which accomplish a weld of 
high strength with negligible heat- 
ing of the parts. Successful welding 
of many combinations of dissimilar 
metals, regarded as defying welding 
by older methods, was claimed. 

The audience present agreed that 
the meeting was of outstanding 
interest and that the speaker had 
done an excellent job of presenta- 
tion. 

The meeting was held on Thurs- 
day, Oct. 22, 1959, at the Engineer- 
ing Society of Detroit. 


WELDED STRUCTURES 


Detroit—The Detroit Section held 
its first regular meeting of the season 
on Nov. 13, 1959, at the Engineering 
Society of Detroit. The speaker of 
the evening, Van Rensselaer P. Saxe, 
gave an interesting discussion on 
“Welded Structures.” Local engi- 
neers and architects were invited to 
attend. An interesting question- 
and-answer period followed. 

Coffee speaker was Stephen Kish, 
director of Detroit’s new convention 
hall. He related the wonderful 
facilities that will be available 
shortly for meetings of every size. 


Minnesota 


CARBON-DIOXIDE WELDING 


Minneapolis—The regular 
monthly meeting of the Northwest 
Section was held on Monday, Nov. 
9, 1959, at the Elks Club. A very 
good attendance’ greeted’ the 
speaker, C. R. Felmley of the Proc- 
ess Development Section, Air Re- 
duction Sales Co., Union, N. J. 
Mr. Felmley presented a most in- 
teresting talk on “CO,-Shielded 
Welding’, augmented by color 
slides. 

An interesting sidelight of the 
meeting was the unusual door prize, 
a gourmet’s delight, of Manitoba 
moose and Wyoming venison. 


HONEYCOMB STRUCTURES 


Newark—Robert P. Roberts, 
manager of the Honeycomb Di- 
vision of Twigg Industries, Martins- 
ville, Ind., gave an enlightening 


SPEAKS ON BRAZED 
HONYECOMB STRUCTURES 


R. P. Roberts was the principal speaker at 
the October 20th meeting of the New Jer- 
sey Section. His subject: Newly de- 
veloped brazing process for stainless- 
steel honeycomb aircraft assemblies 





talk at the Oct. 20, 1959, meeting of 
the New Jersey Section on the newly 
developed brazing process for stain- 
less-steel honeycomb aircraft as- 
semblies. 

The brazed sandwich structure 
with a honeycomb core was de- 
veloped to meet the need of the air- 
craft industry for a structure, usable 
at elevated temperatures, that 
achieved the maximum possible 
strength-to-weight ratio. 

With an exceptionally fine set of 
slides, Mr. Roberts illustrated some 
of the problems attending the fabri- 
cation of brazed honeycomb struc- 
tures and how the solution of many 
of these problems had made it pos- 
sible to reduce drastically scrap 
losses and thereby cut costs. Sam- 
ples of various types of brazed 
honeycomb panels were on hand at 
the meeting for examination by the 
audience. 


PLASMA-ARC CUTTING 


Farmingdale—The Long Island 


Section held its regular monthly 
meeting on Nov. 12, 1959, at Casa 
Lou Restaurant in Farmingdale. 
Speaker at the meeting was Glen W. 
Oyler of the Linde Co., Develop- 
ment Laboratory, Newark, N. J. 
Illustrating his talk with many ex- 
cellent slides, Dr. Oyler traced the 
developments of the high-velocity 
constricted-arc plasma torch. He 
also discussed the present status of 
its application in industry. Arc- 





PLASMA ARC IS TOPIC OF DISCUSSION 


Glen W. Oyler spoke on the plasma arc 
and its application at the November 
12th meeting of Long Island Section 


Technical Chairman Ed Moles, left, and 
Section Chairman Keith Berry 
pose with Dr. Oyler 





cutting conditions on various mate- 
rials and thicknesses were presented. 
The influence of variables such as 
gas mixture, flow, voltage and amp- 
erage, nozzle geometry and power 
supplies were discussed. Special- 
ized applications of the nontrans- 
ferred arc were described. The 
presentation was concluded by show- 
ing some slides on Russian welding 
activities taken last summer at the 
Moscow exhibit. 


ALUMINUM WELDING 


New York—‘Aluminum Weld- 
ing, Past, Present and Future’’ was 
the subject at the Nov. 10, 1959, 
meeting of the New York Section. 
The speaker was I. T. MacArthur, 
chief of the welding branch, Metals 
Research Labs., Olin Mathieson 
Chemical Corp., New Haven, Conn. 

Mr. MacArthur began by point- 





WELDING OF ALUMINUM 


“Aluminum Welding, Past, Present and 
Future”’ was the title of the talk pre- 
sented by |. T. MacArthur at the Novem- 
ber 10th meeting of New York Section 
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ing out that aluminum welding has 
graduated from the laboratory stage 
and is now a proved tool of industry. 
This has been demonstrated by the 
acceptance of welding as a method 
of joining aluminum in such com- 
modities as unfired pressure vessels, 
storage tanks, pressure piping in 
chemical processing equipment, rail- 
way rolling stock, ships, missiles and 
many other applications where rigid 


code requirements have to be met. 

In his talk, Mr. MacArthur dis- 
cussed the basic problems en- 
countered in aluminum welding and 
traced its development from infancy 
to its present position as the most 
widely used method of joining alu- 
minum. 

The physical properties of alu- 
minum which influence weldability, 
i.e., electrical and thermal conduc- 
tivity, resistivity, coefficient of ex- 
pansion and melting point were dis- 
cussed by Mr. MacArthur. He 
explained the importance of the 
presence of the oxide film and de- 
scribed the methods used for its 
removal. The development of the 
welding processes as they apply to 
aluminum was traced from the early 
‘“‘puddling”” method through those 
processes which use a chemical flux 
to those which use an electric arc in 
an inert gas. Resistance-welding 
methods were also discussed. 

The commercially available alu- 
minum alloys were tabulated, with 
emphasis on those which are most 
weldable. The influence of weld- 
ing heat on the metallurgical struc- 
ture of the alloys was explained. 
Properties before and after welding 
were given, and comparisons made 
between alloys to illustrate the de- 
gree to which welding heat effects 
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the physical and chemical properties 
of the weldments. 

Mr. MacArthur pointed out the 
present emphasis on _ high-speed 
mechanized methods of welding. 
He concluded by attempting to fore- 
tell some of the future uses of welded 
aluminum components in missile and 
rocket construction. 

The interest of the group was 
proved by the number of questions 
and discussion both during and fol- 
lowing the speaker’s interesting 
presentation. 

National Secretary Fred Plummer 
was a guest at this meeting. He 
was accompanied by H. Sternau, 
who explained features of the AWS 
Group Insurance Plan. This low- 
cost group insurance plan is another 
attractive feature available to AWS 
members. 


NUCLEAR-POWER WELDING 


Menands—The first technical 

meeting of the 1959-60 season of the 

Northern New York Section was held 

on Nov. 5, 1959, at Panetta’s 

Job report courtesy of Restaurant. Speaker was W. R. 
Superior Welding Compeny, Decotur, I. “Bill” Smith, consulting engineer 
in the Material Engineering Unit, 


How to get more positive results General Electric Co., Atomic Power 
Equipment Dept., San Jose, Calif. 


when Welding Stainless His topic, “Welding Applications 
for the Dresden Nuclear Power 

Station.” 
Mr. Smith’s talk described the 


WELD WITH materials of construction, welding 
iD C — materials, welding, processes, some 
lan unique welding-joint designs and 

quality-control methods employed 


in the fabrication of the equipment, 


STAINLESS ELECTRODES piping system and containment 


These vessels—used for processing a chemical where utmost prod- sphere for the Dresden Nuclear 
uct cleanliness is required—were made of 304 ELC Stainless Power Station. Special emphasis 
Plate and welded with Arcos Chromend 19-9 CB (347) electrodes. was placed on the metallurgical 
The fabricator selected these electrodes for the “right’’ analysis to problems associated with welding 
resist corrosion and to assure a surface, including the weld areas and fabricating of the materials 
that would take a high polish both on the inside and outside to employed. 

make thorough cleaning easy. It's proof again that whatever the 

job demands Arcos quality weld metal will meet all the required 


tests. ARCOS CORPORATION, 1500 South 50th St., Phila. 43, Pa. 
nelaim@claclilate, 


TRAVELOGUE 


Raleigh Members of the Caro- 
lina Section met on September 28th 
at the S&W Cafeteria for dinner 
and meeting. 

Secretary R. L. Cope showed 
about 125 color slides of his 8000 
mile trip to the West Coast. 
Among the items shown was the 
copper mining pit at Bingham 
Canyon, Utah (2200 ft deep) and 
pictures of Grand Coulee Dam. 
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WELDING STAINLESS STEEL 


Kinston—Members and guests 
of the Carolina Section met with 
25 employees of the Du Pont Co. 
at their dacron plant at Kinston, 
N. C., on Oct. 23, 1959. After the 
evening meal in the plant cafeteria 
the members and guests adjourned 
to the conference room for the tech- 
nical session. 

John Macon of the Industrial 


Experimental Program, School of 


Engineering, N. C. State College, 
cited the many benefits and ad- 
vantages to design engineers, pur- 
chasing agents, superintendents and 
others that had accrued from the 
use of the N. C. Metalworking 
Facilities Directory published by his 
agency in May 1958. This direc- 
tory lists 165 companies with the 
number of employees, number and 
size of machines and auxiliary equip- 
ment. He indicated that this direc- 
tory was not by any means a com- 
plete listing but that its use had 
been phenomenal. 

Secretary Cope pointed out the 
benefit that could accrue to the 
welding industry including manu- 
facturers of equipment, the sup- 
pliers, the metal fabricators and 
other industries using their products 
if a rather complete revision of that 
part of the Directory dealing with 
welding could be made. The prop- 
erly qualified persons to devise a 
suitable questionnaire and to use it 
in securing the data would generally 
be AWS members as they live in 
all parts of the state. 

The featured speaker was H. F. 
Reid, manager of the Technical 
Service Division of the McKay Co., 
York, Pa. His subject was the 
“Welding of Stainless Steel.”” He 
divided stainless into 3 categories 
and discussed the precautions essen- 
tial to the successful welding of each, 
using graphs and charts in his cover- 
age. 


IW REPORT 


Cincinnati—-Thirty members of 
the Cincinnati Section attended the 
regular October meeting held at the 
Cincinnati Engineering Society 
headquarters to hear one of their 
own members. A. Levinstein, a 
metallurgical engineer with the local 
General Electric Plant of the Flight 
Propulsion Division, gave a detailed 
report on his trip to the Interna- 
tional Institute of Welding in 
Opatija, Yugoslovia, this past sum- 
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The problems of residual stresses and 
distortion were discussed by Roy Mc- 
Cauley at the October 14th meeting of 
Cleveland Section 


Bob Pagenkopf starts off question- 
and-answer period at the completion 
of Prof. McCauley’s talk 





mer. He explained the various 
commissions involved and _ their 
functions. He represented the Gas 
Welding and Allied Process Com- 
mission from the USA. 

Following his report, Mr. Levin- 
stein showed over 100 colored slides 
on the highlights of the trip and 
tours which were very interesting. 


STRESSES AND DISTORTION 


Cleveland—The Cleveland Sec- 
tion held its first regular meeting of 
the 1959-60 season on Oct. 14, 1959. 
The well-attended meeting included 
a reception honoring the incoming 
chairman, Thomas Dempsey, dinner 
and an outstanding technical session 
for which the speaker was Prof. Roy 
McCauley, chairman of the Depart- 
ment of Welding Engineering, Ohio 
State University. 

Chairman Dempsey introduced 
the new officers: Robert Pagenkopf, 


lst vice chairman; Wasil Romance, 
2nd vice chairman; and R. W. 
Metzger, Jr.,secretary and treasurer. 
In addition to the officers, other 
members of the board were also 
introduced: Michael Shane, Harry 
McBride, Charles Herbruck, Lauren 
Miller and Frank Flocke. 

The technical session of the meet- 
ing, under the chairmanship of 
Robert Pagenkopf, dealt with the 
subject of residual stress and dis- 
tortion. Professor McCauley 
covered the subject thoroughly from 
both a theoretical and practical point 
of view. The importance of the 
subject was attested to by the 
spirited question period following 
the formal remarks. 


CARBON-DIOXIDE WELDING 


Cleveland—tThe excellent turn- 
out for the Nov. 11, 1959, meeting 
of the Cleveland Section indicates the 


wide interest in carbon-dioxide weld- 
ing. The subject of the meeting 
was “‘Recent Developments in the 
Field of CO, Welding.” An ex- 
hibit of weldments made by the 
process was displayed during the 
social hour, most of which had come 
from local automotive parts manu- 
facturers and special machine build- 
ers in Cleveland and Detroit. The 
speaker for the technical session was 
Stephan A. Yasco of Westinghouse 
Electric Corp., Welding Division. 

Mr. Yasco showed an interesting 
movie of the arc action taken with 
high-speed cameras and discussed 
the dynamic control of the welding 
arc, including the effect of power 
supply on types of are action. The 
lively questions and discussions from 
the audience rounded out what 
proved to be one of the most interest- 
ing meetings the Section has had 
for several years. 

Technical Chairman was Gerford 
Carver of Midland-Ross Corp. 


WELDING TRAINING 


Dayton—The Dayton Section 
visited the Hobart Welding School 
in Troy, Ohio, on Nov. 10, 1959, for 
a conducted and narrated tour of 
the training facilities and methods 
of training operators. 

Howard Cary, educational chair- 
man for the Dayton Section and 
Director of the Hobart Brothers 
Technical School, organized the 
tour and outlined the future plans 
of the school for providing complete 
technician training for the welding 
industry. 

The tour included a display and 
discussion of techniques in testing 
procedures, an examination of ed- 
ucational equipment and methods, 
a demonstration of various auto- 
matic and semiautomatic welding 





CARBON-DIOXIDE WELDING DISCUSSED IN CLEVELAND 


Chairman Tom Dempsey thanks speaker 
Stephan Yasco after the talk on carbon- 
dioxide welding at the November llth 
meeting of Cleveland Section 
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A group of the Cleveland Section ex-officers and directors enjoy 
the social hour sponsored by local members: Harold Blum, Harry 
Cotesworth, Ross Yarrow, John Austin, Harry McBride, Bob Kriz and Mike Shane 





DAYTON SECTION VISITS WELDING SCHOOL 


The Hobart Training School in Troy, Ohio, was visited by the members 


of the Dayton Section on November 10th. 


The group is shown here in the 


main auditorium prior to the tour of the facilities 


The visitors listen attentively to ins 
structions given during demonstration of 
CO; welding in Prccedure Development 
Laboratory 





equipment, including the _ gas- 
shielded tungsten-arc and metal-arc 
spot-welding processes and examina- 
tion and discussion of induction 
heating equipment for the postheat 
treatment of welded joints. 

Forty-six members and guests 
were present and light refreshments 
were served at the conclusion of the 
tour. 


LARGE WELDMENTS 


Bucyrus—The regular monthly 
meeting of the North Central Ohio 
Section was held on Nov. 5, 1959, 
at the American Legion Home in 
Bucyrus. 

Forty-seven members and guests 
were in attendance to enjoy a good 
meal prepared by the American 
Legion Women’s Auxiliary, as well as 
an interesting and educational pro- 
gram presented by Walter Edwards 


program chairman. 

John Lang of the Lukenweld 
Division of Lukens Steel Co. was the 
guest speaker for the evening and 
gave a comprehensive talk on “Large 
Weldment Fabrication,’ accom- 
panied by demonstrative slides. 
Mr. Lang covered the cardinal rules 
of welding to control distortion and 
shrinkage, and conducted a very 
enlightening question-and-answer 
period. 

Preceding the technical session, a 
movie “Hunting Big Game in 
Alaska”’ was presented through the 
courtesy of the American Motors 
Corp. and the local Rambler dealers. 

During the executive board meet- 
ing, it was unanimously approved 
to send a check in the amount of 
$400 as the Section’s contribution to 
the new United Engineering Center 
to be built in New York. 


PLANT TOUR 


Alliance—The plant tour at 
Alliance Machine & Alliance Struc- 
tural Steel Co. by the Stark Central 
Section on October 14th was a huge 
success, aS approximately 70 people 
were in attendance. The courtesy 
of those who were responsible for 
the tour and their well-planned 
itinerary made the evening a memor- 
able one. 

The many welding processes on 
view, and the products under con- 
struction, were proof of the wise 
decision to visit this plant. 

The speaker of the evening was 
Myron Bowerman, director of re- 
search for this company. He spoke 
of his company’s evolution from 
riveting and casting to welding, and 
stressed the economy that had come 
from the use of the latter process. 





STRUCTURAL-STEEL PLANT VISITED BY STARK CENTRAL SECTION 


Approximately 70 people attended the October 14th tour of the Alliance Machine and 


Alliance Structural Steel Co. in Alliance, Ohio. 


Many welding processes were on view 
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AWS ACTIVITIES 


President C. |. MacGuffie and Secretary 
Fred L. Plummer spoke on AWS activities 
and plans at October 14th meeting of 
Oklahoma City Section. Leftto right, are 
Mr. MacGuffie, Ben Walcott, Fred Suhre 
and Mr. Plummer 





He pointed out also that the appear- 
ance of their product has been im- 
proved. Mr. Bowerman urged that 
young graduate engineers use their 
books onlv as a starting point: they 
should create, rather than copy, if 
welding is to continue to grow. 

A 12-ton charging crane that was 
on display was interesting and gave 
credence to the statement of Mr. 


Bowerman, “the wonderful process 
of welding’”’ was once again proved 
beyond question of doubt. 

The tour was followed by dinner 
at the Elks Club. 


@) arelatelute 


WELDING PROCESSES 


Oklahoma City— National Presi- 
dent C. I. MacGuffie and National 
Secretary Fred L. Plummer were 
the guest speakers at the October 
14th meeting of the Oklahoma City 
Section held at Swyden’s Restaurant. 

Mr. Plummer outlined ‘The 
Society Activities and Plans’’ for 
the year, including plans for the 41st 
Annual Meeting to be held in Los 
Angeles in April. He also showed 
pictures and explained the opera- 
tional functions of the new Engineer- 
ing Center to be built in New York. 

Mr. Plummer introduced Mr. 
MacGuffie, who presented a very 
informative talk on new types of 
welding processes and machine 
welding. 





NATIONAL CARBIDE 
IN THE RED DRUM 


HIGHEST 
QUALITY 


DUST FREE 


DEPENDABLE 
SUPPLY 


Write for the name and address 


of the NATIONAL CARBIDE supplier nearest you. 
ia a 
National Carbide Company 
A DIVISION OF AIR REDUCTION COMPANY, INCORPORATED 
GENERAL OFFICES: 150 EAST 42ND STREET, NEW YORK 17, N. Y. 
AT THE FRONTIERS OF PROGRESS YOU'LL FIND AN AIR REDUCTION PRODUCT 


For details, circle No. 17 on Reader Information Card 
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ULTRASONIC WELDING 
COVERED BY PANEL 


ae 
i 


A panel consisting of, left to right and 
seated, J. R. Wirt, F. R. Collins and W. C. 
Pothoff presented a comprehensive de- 
scription of ultrasonic welding at the No- 
vember 6th meeting of Philadelphia Sec- 
tion. A.L. Jamieson, standing, was the 
moderator 





Pennsylvania 


NUCLEAR PRESSURE VESSELS 


Allentown— Fifty members and 
guests of the Lehigh Valley Section 
were present at a dinner held at 
Walp’s Restaurant on Monday, 
Nov. 2, 1959. 

An attendance of 80 was on hand 
at the meeting that followed where 
William R. Apblett, chief metal- 
lurgist, Foster-Wheeler Corp., 
Carteret, N. J., spoke on the fabrica- 
tion of pressure vessels for nuclear 
services. He detailed some of the 
qualification tests, physical tests 
and welding tests which are neces- 
sary before actual operation can be- 
gin. Also, he spoke about the 
cleanliness and the inspection re- 
quirements to be met before any of 
this work can be shipped. He 
talked briefly about the Dresden 
nuclear reactor and the Nautilus 
submarine. 


TUNGSTEN-ARC CUTTING 


Bradford—-An excellent dinner 
was served to twenty members and 
friends of the Olean- Bradford Section 
at the Holley Hotel in Bradford on 
Oct. 20, 1959. 

G. W. Oyler, Laboratory Division 
Head of the Linde Co., gave a slide- 
illustrated talk on the recent de- 
velopments in inert-gas tungsten- 
arc cutting. Due to the clearness 
of the presentation, all present 
gained much useful information. 

The Section’s 3 new Student 
Members were presented with a 
copy of Section II of the Welding 
Handbook, fourth edition. 





WELDING POWER SOURCES 


Philadelphia—It was significant 
that the Philadelphia Section’s 
Chairman Frank Iapalucci was sup- 
ported in his first technical session of 
the season, held on Oct. 19, 1959, by 
the presence of E. Goehringer, 
district director and past chairman; 
R. Guenzel, T. Berg, R. Bradway, O. 
Fredericks, C. Schaub, G. Garcia, 
all past chairmen, and F. Judelsohn 
one of the founder members of the 
Section. 

Such an attendance is very grati- 
fying to any chairman. It is no less 
gratifying to the speaker who in this 
case was A. E. Johnson, manager of 
welding equipment, engineering and 
development, A. O. Smith Corp. 
His subject was on “Welding Power 
Sources.” 

Mr. Johnson’s discussion covered 
the development of the hermetically 
sealed silicon rectifier and its appli- 
cation in welding machines, battery 
chargers, a-c, d-c converters and in 
vacuum melting. He also discussed 
the multioperator constant-potential 
power source and the effects of the 
d-c inductor and power-source slope 
control in constant-potential welding 
processes. 


ULTRASONIC WELDING 


Philadelphia—Frank Hussey as 
chairman of the panel meetings of 
the Philadelphia Section presented a 
group of gentlemen well qualified to 
discuss ultrasonic welding, its ad- 
vantages and limitations, and partic- 
ularly its potential in the joining of 
aluminum, at the November 6th 
panel meeting held at the En- 
gineers Club. 

A. L. Jamieson, deputy chief, Re- 
search Division, Pitman-Dunn Lab- 
oratories, Frankford Arsenal, was 
the moderator. 

The panel consisted of W. C. 
Potthoff, vice president of Aero- 
projects, Inc., West Chester, Pa., 
F. R. Collins, Process Metallurgy 
Div., Alcoa Research Labs., New 
Kensington, Pa., and J. R. Wirt, 
welding engineer, Delco-Remy Div., 
General Motors Corp., Anderson, 


Ind. 


WELDED STRUCTURES 
Pittsburgh—The Pittsburgh Sec- 


tion held its regular monthly dinner 
meeting on October 21st. Fifty- 
two members and guests were 
present for dinner in the Hunt Room 
of the Hotel Webster Hall. The 
technical meeting was held in the 
Mellon Institute of Industrial Re- 
search with an attendance of 106. 
The speaker, Chris Floyd, super- 


Tempilstik:® 


* Also Tempil’ Pellets 
and Tempilaq® (liquid form 


Tempilstik°—« simple and 
accurate means of determining preheating 
and stress relieving temperatures in 
welding operations. Widely used in all 
heat treating—as well as in hundreds 

of other’ heat-dependent processes 

in industry. Available in 80 different 
temperature ratings from 113°F 

to 2500°F .. . $2.00 each. 


Send for free sample Tempil® Pellets. 
State temperature desired... Sorry, 
no sample Tempilstiks . 

Most industrial and welding supply 
houses carry Tempilstiks® ...If yours 
does not, write for information to: 


ACCESSORIES DIVISION 


Tempil® corporation 


132 West 22nd St., New York 11, N. Y 


For details, circle No. 18 on Reader Information Card 
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intendent, Atomic Energy Fabrica- 
tion, The Babcock & Wilcox Co., 
Boiler Division, Barberton, Ohio, 
was accompanied by Mrs. Floyd 
who attended the dinner and talk. 

The talk on ““The Welding of 
Modern Pressure Vessels and Struc- 
tural Steels’’ was very well received 
since much reference was made to 
atomic-energy fabrication, this being 
of current interest. A number 
of fine slides were shown. 

Chairman Paul Masters put into 
effect a new plan which should result 
in the members becoming better 
acquainted with members of the 
executive committee. At each meet- 
ing, a member of the Executive 
Committee will introduce’ the 
speaker. K. H. Zeigler started this 
policy by introducing Mr. Floyd. 

The “Coffee and ...” session 
following the talk was well attended. 
Members took advantage of this 
opportunity to chat with friends and 
to ‘“‘have one for the road. . . coffee.”’ 


POWER SOURCES 


York—-The York-Central Penn- 
sylvania Section met on Oct. 20, 
1959, at the Viking Club in York 
for dinner and technical session. 

Speaker at the latter session was 
A. C. Gast, technical representative 
of the Miller Electric Co., Appleton, 
Wis. His subject was “Types of 
Power Sources Used in Welding and 
Their Applications.”’ 

Mr. Gast requested that questions 
be asked at any point during his 
presentation rather than at the 
end. This led to some interesting 
discussions as explanations of the 
reasons for the different types of 
welding machines used for particular 
applications were mentioned. 

Particular emphasis was given to 
the power source requirements of 
the newer welding processes such 
as inert-gas metal-arc (consumable- 
electrode) welding. 

Reasons for designing machines 
with rising, flat and drooping cur- 
rent characteristics were explained 
and their advantages for a particular 
application were discussed. Mr. 
Gast indicated that, in very critical 
applications, welding power sources 
can be custom made in order to 
provide optimum results. 

This presentation was a natural 
complement to the previous month’s 
technical session on aluminum weld- 
ing. 


WELDING OF TRITON 


York—The York-Central Penn- 
sylvania Section met for dinner and 
meeting at the Viking Club on 
Nov. 17, 1959. 
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George W. Kirkley, welding engi- 
neer in the Electric Boat Div., Gen- 
eral Dynamics, of AWS District No. 
1, wasthespeaker. His talk covered 
the welding of the world’s largest 
undersea craft, the atomic sub- 
marine Triton. 

Mr. Kirkley’s presentation was 
very timely in that the Triton had 
been commissioned exactly one 
week prior to this meeting. 

Several welding and cutting proc- 
esses were used in the construction 
of the Triton. The ship is com- 
pletely welded with two exceptions 
hatch openings and torpedo tube 
doors. 

The Triton has approximately 
twice the displacement of the famous 
atomic submarine Nautilus. Some 
idea of the extent of welding 
necessary in the fabrication of the 
Triton was given by the fact that 
385,000 lb of manual heavy-covered 
electrodes alone were used in this 
construction. This is in addition 
to welding materials used with other 
processes such as submerged-arc 
welding. 

Slides were used to illustrate par- 
ticular welding applications and a 
motion picture film showed the use 
of consumable-type inserts for back- 
ing up root passes of pipe welds. 
Smooth contour welds inside the 
pipe are essential in the submarine’s 
atomic power plant to avoid re- 
striction of flow and entrapment of 
possible radioactive materials. 

The subject was presented in such 
a manner that it was of general 
interest, as well as being of interest 
to the engineer. 


*datete-M ikelate 


RESISTANCE WELDING 


Providence—The Providence 
Section met on Wednesday, Oct. 28, 
1959, at Johnson’s Hummocks for 
dinner and meeting. 

The Section was fortunate to have 
two speakers on ‘“‘Resistance Weld- 
ing.”” They were Howard E. Swen- 
son, general manager of the Hanson 
Engineering Co. of Attleboro, Mass., 
and A. Leslie Pfeil, president of 
Universal Welder Corp. of Cleve- 
land, Ohio. 

The speakers showed a color and 
sound film, entitled ““This Is Resist- 
ance Welding.”” The movie gave 
some history of the subject; it 
showed various applications; ex- 
plained the theory and illustrated the 
various types of materials and joints 
that could be resistance welded. 
Projection and seam welding were 
illustrated in detail. The need for 
controls of the various variables 
involved in resistance welding and 
the production advantages of this 
process were also covered. 

After the movie, Mr. Swenson 
gave a talk regarding the evolution 
of resistance-welding techniques to 
the development of new metals. He 
also showed a variety of interesting 
weld samples. 

The meeting was then diverted into 
a lengthy panel discussion with the 
speakers doing a good job of answer- 
ing questions. 





EDUCATIONAL SERIES ON METALLURGY OF STEELS 


The Northeast Tennessee Section’s educational series on metallurgy of steels was 
covered by (seated, left to right) J. L. Scott and D. F. Toner, and (standing, left to right) 
Educational Chairman R. G. Berggren, J. J. Prislinger and R. E. Clausing. The lectures 


were held in September 





WELDABILITY TESTS ARE DISCUSSED 


Weldability tests and mechanical properties of weldments were discussed by D. C. Mar- 


tin at the October meeting of the Northeast Tennessee Section. 


Left to right are: 


P. Patriarca, Mr. Martin, District Director E. C. Miller, Section Chairman C. H. Wodtke 





Tennessee 


ATOMIC-POWERED 
AUTOMOBILES 


Nashville—The October meet- 
ing of the Nashville Section was held 
at the Peggy Wales Catering Service 
on Oct. 8, 1959. This was Student 
Night and professors and students of 
the Engineering School of Vander- 
bilt University were invited to 
attend. 

The main speaker of the evening 
was Mr. Douglas who is associated 
with the Mechanical Testing Section 
at Oak Ridge. 

Mr. Douglas gave an interesting 
talk on the possibility and feasi- 
bility of ‘“‘Atomic-powered Auto- 
mobiles.”” He used a film to illus- 
trate his talk. 


EDUCATIONAL SERIES 
Oak Ridge—The ‘Weldability 


of Steels’’ was selected as_ the 
theme for the 1959-60 technical pro- 
gram of the Northeast Tennessee 
Section. Nationally recognized 
welding engineers and authorities 
in their fields were invited to address 
the membership and guests at 
the monthly technical meetings. 

In order to comprehend more 
fully and appreciate future lectures, 
an educational series of four lec- 
tures on the metallurgy of steels 
was presented in September at 
the Oak Ridge Institute of Nuclear 
Studies. The educational series was 
developed by Prof. E. E. Stansbury 
of the University. of ‘Tennessee 
intended primarily for nonmetal- 
lurgists. The lectures were con- 
ducted by specialists in their field 


from the Oak Ridge National Lab- 
oratory. R. E. Clausing spoke 
on ‘Metal Structures: Metal De- 
formation and Distortion”; D. F. 
Toner on ‘Simple Alloy Systems, 
Microstructures and Iron-Carbon 
Alloys’; J. L. Scott on Principles 
of Heat Treatment of Steels’; 
and J. J. Prislinger on the “‘Hard- 
enability and Alloy Steels.”’ 


PROPERTIES OF WELDMENTS 


Knoxville—The first technical 
meeting of the year for the North- 
east Tennessee Section was held on 
Oct. 6, 1959, after a get-together and 
dinner at the Dwarf Restaurant. 
Despite inclement weather, 48 mem- 
bers and guests turned out to hear 
an excellent talk on ‘“Weldability 
Tests and Mechanical Properties 
of Weldments’” by guest speaker 
D. C. Martin, Division Consultant 
for the Battelle Memorial Institute. 
Mr. Martin’s talk was illustrated 
with slides. 


ELECTRODES 


Knoxville—On Nov. 10, 1959, 
a technical meeting and dinner was 
held at the Dwarf Restaurant. The 
speaker of the evening was D. C. 
Smith, chief metallurgist, Electrode 
Division of the Harnischfeger Corp., 
and the subject was ‘Electrodes, 
Manual-arc Welding.”’ 

Starting with the bare welding 
electrode, Dr. Smith traced the 
stages in the development of manual 
metal-arc welding electrodes 
through the light sulcoated rods, 
the cellulose and mineral coated, 
the low-hydrogen type and finally 
to the low-hydrogen iron-powder 
covered electrodes. ‘Today there 
are iron-powder electrodes avail- 





HOUSTON SECTION HEARS ADDRESS ON CUTTING 


Richard L. Deily was the guest speaker 
at the October 21st meeting of Houston 
Section. Left to right, are Chairman 
M.C. Avis, Mr. Deily and D. J. Middlehurst 


Some ninety members and guests were presented to hear Mr. 
Deily speak on “*Cutting Ain't What It Used to be”’ 
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Monautronic V-2 welding 
quality, cuts rejects and 





The new Monautronic V-2 welding con- 
/ ff ™ trol introduces the concept of feedback 
control to produce spotwelds of consis- 
tently high quality. It makes use of the 
latest advances in electronic computing to over- 
come automatically such obstacles to weld quality 
as line voltage fluctuation, electrode wear, varia- 
tions in electrode tip force, surface finish and 
shunting. 
The Monautronic V-2 compensates for undesir- 
able variations usually encountered in resistance 
welding by maintaining voltage across a weld at a 
constant value. This constraint of voltage a- 
mounts to constraint of final weld temperatures, 
and such temperature control assures production 
of quality welds. 
e Automatic lockout—occurs when process variations 
are so severe that the available current range would not 
cover the requirements for quality welding. The con- 
trol detects extreme contamination, failure in the 
force system, overwelding, poor matching or fitup, 
and any other conditions that would result in sub- 
standard welds. 
e Automatic sequencing—all provisions for single 
spot, roll spot or seam welding. Sequencing is 100% 
accurate, and exceeds NEMA standard specification 
3B. Special sequence programming is available. 
e Transistorized design—for high reliability, compact- 
ness, low power consumption. 
e Moduler construction—permits easy removal of the 
three modules and separate firing unit, simplifies 
maintenance. 
e Shock and vibration resistant construction—for long, 
reliableservice ineven the mostdemanding applications. 
e Safety interlock—for protection of personnel during 
tip dressing. 
e Tamperproof case—prevents access to control by 
unauthorized personnel. 


For details, circle No. 19 on Reader Information Card 
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control certifies weld 
production costs 


A resistance welding control that automatically compensates 


for every process variable 


SEQUENCE MODULE 
—Utilizes digital 
pulse-type circuitry 

provides 100% 
accuracy. 


HEAT CONTROL 
MODULE—Contains 
automatic and man- 
ual heat controls pilus 
lockout devices. Proc- 
esses input infor- 
mation from weid. 





POWER SUPPLY 
MODULE—Power 
supply plus required 
auxiliary safety fea- 
tures. 


VOLTAGE CONSTRAINT 


Graph shows how voltage control compen- 
sates for process variations. Any point on 


‘ ide t , FIRING MODULE— 
curved line E=IR represents a specific volt- ie , y Provides large cur- 


, Z rents needed to fire 
age. With normal weld as reference point, ignitrons. Supplied 


certain process variations cause increased oe 
resistance, while others cause a decrease 
Control action is achieved through change 
of current to constrain voltage to same level 


for every weld. 


for complete details contact: THE BUDD COMPANY « Electronic Controls Section + Philadelphia 32, Pa, 


FLECTROMC yD} yA yA 
AD we we ( CONTROLS 


For details, circle No. 19 on Reader Information Card 
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able which are the counterparts to 
about all of the commonly used 
conventional metal-arc welding elec- 
trodes. Generally, the iron-powder 
content of these electrodes amounts 
to 30% of the coating for all- 
position electrodes and 50% for 
flat and horizontal electrodes. Mr. 
Smith concluded his talk with a 
discussion of several of the ultra- 
high-tensile low-hydrogen _iron- 
powder type electrodes capable of 
depositing welds having a tensile 
strength over 200,000 psi. These 
electrodes have been designed so 
that the weld metal, heat-affected 
zone and base metal can be post- 
weld heat treated to the same hard- 
ness. 


OXYGEN CUTTING 


Houston—The 90 members and 
guests in attendance at the October 
21st meeting of the Houston Section 
enjoyed the movie “Prairie Wings,” 
furnished by Humble Oil and Re- 
fining Co., during the social hour 
after dinner. 

V. H. Thompson announced prizes 
for members who obtained new 
members and urged that all mem- 
bers help to keep the Section grow- 
ing by obtaining new members. 

Program Director Don J. Middle- 
hurst introduced the speaker for 


Houston Section 
Course on Welding Metallurgy 
Textbook Welding Metallurgy by O. H. Henry 


and G. E. Claussen. 


Revised by G. E. Linnert 


February 2 to March 22, 1960 


Tuesday, February 2—Session I 
A. Chapter I. Introduction: 
B. Chapter II. 
C. Chapter III. 


Tuesday, February 9—Session II 


Metallurgy of Welding 
Types of Steel and Their Manufacture 
Welding Methods and Processes 


James H. Walker, Sheffield Steel 


A. Chapter IV. Temperature Changes in Welding 
B. Chapter V. Structure of Metals 
Dr. Franz R. Brotzen, Rice Institute 


Tuesday, February 16—Session III 
Mechanical Properties of Metals 
Effects of Alloying Elements 


A. Chapter VI. 
B. Chapter VII. 


Tuesday, February 23—Session IV 
Fluxes and Slags 
Wilbur H. McGrew, Air Reduction 


A. Chapter VIII. 


John Pratt, Hughes Tool 


B. Chapter IX. Simple Welds in Iron and Steel 


Tuesday, March 1—Session V 


Allen E. Wisler, Hughes Tool 


A. Chapter X. Shrinkage of Welds 


B. Chapter XI. 
Tuesday, March 8—Session VI 
A. Chapter XII. 


Tuesday, March 15—Session VII 
A. Chapter XIII. 


Tuesday, March 22—Session VIII 


R. E. Pechacek, Hahn & Clay 


Preheating and Postheat Treatment 


Charles A. Haas, Wyatt 


Difficulties and Defects (Elaborate) 
B. Examples and personal experience 
Conrad J. Schoppe, Tennessee Gas 


specific to this area 


Welding Plain-Carbon and Low-Alloy Steels 
B. Examples and personal experience 


Discussion 
Don Middlehurst, Big Three 


A. Chapter XIV. Welding Stainless and Heat-Resisting Steels 


B. Chapter XV. Welding Tests 


Each session will be two hours. 


E. L. Hildebrand, Humble Oil 


Cost of the Course will be $15 to 


AWS members and $20 to nonmembers. Those wishing to enroll 
should telephone Bob Anderson MI 4-0084 or David L. Shall, Humble 


Oil & Refining, JU 2-8121, Baytown. 


to first session. 
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Registration one week prior 





HEAR TALK ON INSPECTION 


Inspection and repair of weldments was 
discussed by Jim Herr, center, at the No- 
vember 10th meeting of the North Texas 
Section. Chairman Fred Nordquist in- 
troduces the guest speaker to Secretary- 
Treasurer Ed Mat 





the evening, Richard L. Deily, sales 
manager of Messer Cutting Mach- 
ines, Inc., New York, N. Y., who 
gave an interesting one-hour talk 
on “Cutting Ain’t What It Used to 
Be.” His talk was accompanied 
by slides and movies. 


WELDMENTS 


Dallas—On Tuesday, Nov. 10, 
1959, thirty members and guests 
of the North Texas Section assem- 
bled at Western Hills Inn for the 
regular monthly meeting. J. C. 
Herr, chief metallurgist at Convair- 
Fort Worth, was guest speaker for 
the evening. 

Mr. Herr’s talk on “Inspection 
and Repair of Weldments’’ was 
illustrated by a number of color 
slides showing some of the intricate 
weldments produced at Convair. 
Mr. Herr’s subject dealt chiefly 
with welding for aircraft, but the 
problems he discussed were of 
universal interest as borne out in 





SPEAKS ON 
RESISTANCE WELDING 


Resistance-welding applications in auto- 
body production were described by John 
F. Cantalin at the September 17th meet- 
ing of Madison Section 





MILWAUKEE SECTION HEARS NATIONAL OFFICERS 


President C. |. MacGuffie and Secretary 
Fred L. Plummer were the principal 
speakers at the November 13th meeting 
of Milwaukee Section. Enjoying refresh- 
ments prior to the dinner are Past-presi- 
dent J. J. Chyle, Mr. MacGuffie and Mr. 
Plummer 





“A Glimpse at the Future of Welding’’ 
was the topic covered by President 
MacGuffie, above. Secretary Plummer 
spoke on ‘‘Plans and Activities of AWS” 


Among the prominent members of the Section present were, left 
to right, W. Rinehart, J. S. McKeighan, L. E. Bluhm, Chairman 


W.J. Dyble, M. G. Doebel and R. J. Keller 





the question-and-answer period 


which followed. 


SAFETY DEMONSTRATION 


San Antonio—The San Antonio 
Section met on Nov. 2, 1959, at 
Cap’t. Jim’s Cafe for dinner and 
meeting. 

George Martindale of Smith 
Welding and Equipment Co., San 
Antonio, gave a demonstration on 
the proper technique of igniting, 
bracing, heating, and cutting ap- 
paratus to prevent popping and 


backfire; also, the care and use of 


the acetylene and oxygen regulators. 
He demonstrated how easy it is to 
create a back-fire with improper 
lighting and presented a few samples 
of blown-out torches and regulators 
with a little case history on each 
accident. A cutaway section of an 
acetylene cylinder was displayed 
and it was quite interesting to many 
to learn that the inner area of the 
cylinder was filled with a porous 
substance to absorb the acetylene. 

This program brought out the 
importance of safety for the welder. 


Wisconsin 


RESISTANCE WELDING 


Janesville—The September 
monthly meeting of the Madison 
Section was held on the 17th at 
the VFW Club in Janesville. ‘“‘Re- 
sistance-welding Applications § in 
Auto-body Production’? was the 
subject of a talk given by John F. 
Cantalin, engineer-in-charge of the 
Electrical & Hydraulic Dept. of 
Production Engineering Activity, 
Fisher Body Div., GMC, Detroit. 
Clarence Fields, superintendent of 
welding maintenance for General 
Motors Division introduced the 
speaker. 


FUTURE OF WELDING 


Milwaukee—The Milwaukee Sec- 
tion members met on Nov. 13, 1959, 
at the Ambassador Hotel and were 
honored to have as their guest 
speakers, National President C. I. 
MacGuffie and National Secretary 


Fred L. Plummer. There were 
85 members and guests in attend- 
ance. 

After an enjoyable buffet dinner, 
Mr. Plummer gave an excellent 
outline of the working activities 
of the AWS national headquarters. 
It was revealing to the member- 
ship to hear all of the duties and 
work going on to further the welding 
industry as well as strengthen the 
AWS. Mr. Plummer also gave an 
interesting history on the events 
leading up to the decision of the 
AWS to be part of the new En- 
gineering Center in New York. 

Mr. MacGuffie then addressed 
the meeting on ““A Glimpse at the 
Future of Welding.” His well- 
presented talk was accompanied 
with illustrative slides which showed 
many of the products being auto- 
matically welded in industry. His 
talk stressed that the potential 
of welding is being constantly in- 
creased due to the close tolerance 
now being held in welding many 
intricate parts by proper fixtures, 
new automatic machines and proper 
welding engineering. 

After an energetic question-and 
answer period, the two _ guest 
speakers: were given a standing ova- 
tion for their excellent talks. 





FOR 


‘On CONTROLLED 
wk ATMOSPHERE 


; 


BLICKMAN 


VACUUM DRY BOX 


Designs and specifications are avail- 
able for a variety of welding enclo- 
sures for research and production 
welding, and for work in the fieids of 
metallurgy and physical chemistry. 
These enclosures can be fully evacu- 
ated and then be filled with an inert 
gas for welding in an inert atmosphere. 
Write for Technical Bulletins on vari- 
ous types of welding enclosures: 
S. Blickman, Inc., 3001 Gregory Ave- 
nue, Weehawken, N. J. 


BLICKMAN 
LABORATORY EQUIPMENT 


Look for this symbol of quality Bjleurueii 





For details, circle No. 20 on Reader Information Card 
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PROGRESS IS NEVER A 


EUTECTIC RESEARCH 
MAKES THE BIG DIFFERENCE 


IN OUR 20th YEAR OF 


World Headquarters 
Flushing, New York 


For details, circle No. 21 on Reader information Card 
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MATTER OF CHANCE 


Real progress doesn’t “just happen”. It must be carefully and deliberately created! 
It requires dedication and a relentless desire to make things better than they are. 


Ceaseless research has been the key to EUTECTIC progress since its inception 
20 years ago. It began with the discovery of the “Surface Alloying” principle and 
the development of the exclusive Low Heat Input Welding Process — and has con- 
tinued through the development of the more than 160 EUTECTIC “Low Tempera- 
ture Welding Alloys”~, Fluxes and Welding Aids. The purpose has always been the 
same: to develop better methods of providing faster, easier and stronger welds... . 
while minimizing stresses, embrittlement, distortion and warpage created by con- 
ventional high heat methods. 


Today, these efforts are still going on — more than ever before! Every year finds 
new plants...new laboratories...new equipment being added to our already 
extensive facilities throughout the world. Soon, a vast new Foundry and Metallur- 
gical Center will be completed — heralding the start of the most ambitious research 
and development program ever undertaken by this or any other company in the field. 


Progress, based on research, is the primary aim at EUTECTIC. And progress to us 
means better products, improved techniques, and greater service for you. 


NEW FOUNDRY AND METALLURGICAL DIVISION being constructed will house complete 
facilities for metallurgical research and developments, as well as the actual production 


of core wires from virgin metal. 


PROGRESS AND SERVICE 


® REGISTERED TRADE MARK OF : ©1959 EWAC 


EUTECTIC WELDING ALLOYS CORPORATION 


40-40 172nd St., FLUSHING 58, NEW YORK 
Warehouses and Service Centers im ATLANTA; BOSTON; CHICAGO; COLUMBUS, OHIO; DALLAS; DETROIT; 
LOS ANGELES; ST. LOUIS; SEATTLE; BERKELEY, CALIF.; HURON, SO. 
DAKOTA; PHOENIX, ARIZONA. 
CANADIAN PLANT AND HEADQUARTERS: MONTREAL 
WAREHOUSES: DARTMOUTH, N, S., TORONTO AND VANCOUVER 


For details, circle No. 21 on Reader Information Card 
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ALBUQUERQUE 
Erris, Smith Z. (B 


BATON ROUGE 


Kimble, Norwood (B 
O’Neil, Eari (C 
Paine, L. H. (C 
Sawyer, Joseph J. (B 
Smith, W. W. (B 


BIRMINGHAM 


Diamond, Rudolph A. (B 
Haggard, Wendell C. (C 
McRary, John W., Jr. (C 
Smith, Jesse C. (B) 


BOSTON 

Eisenberg, Philip H. (C 
CHATTANOOGA 

Cain, James Austin (B) 
CHICAGO 


Benfield, E. A. (C 
Buzinski, Ronald J. (C 
Elseth, Theodore (C 
Fiddyment, W. J. (C 
Lovellette, Robert E. (C) 
Marlowe, Edward J. (C 
Penny, Clarence B. (C 
Retzlaff, Albert (C 
Rogers, Winfield P. (C 
Rohr, Virgil W. (C 
Smith, Herb E. (C 
Steinke, Kenneth W. (C 


CINCINNATI 


Beck, Fred H. (B) 
Kory, Edward F. (B 


CLEVELAND 


Belden, Edward G. (C 
Borton, Homer T. (B 
Bradley, John J., Jr. (C) 
Kagel, Frank J. (B) 

Le Barre, Harold (B) 
Obenchain, Leo B. (B) 
Ridinger, John S., Jr. (C 
Sidor, Edward J. (C) 
Stropko, V. Thomas (C 


COLORADO 

Berry, Russell S. (B 

Brown, William O. (C 
Summerhayes, Leonard R. (B) 
DAYTON 


Moore, Clarence Maurice (B) 


DETROIT 


Bredow, Edward F., Jr. (B 
Holub, Edward T. (C) 
Keefer, Ernest G. (C) 
Nickols, Kenneth L. (B) 
Ogden, Jack (C) 
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Members 


Schimmel, William P. (B 
Stajich, Milton (B) 
Varga, Stephen A. (C) 


FOX VALLEY 
Arnoldussen, Hilary R. (C 
Boelter, Ervin O. (C) 
Borchardt, Carl W. (C) 
Fike, Denzil G. (C) 
Gast, Arthur C. (B) 

Lee, Harry M. (B) 
Maass, Walter W. (C) 
Seagraves, Conrad M., Jr. (C) 
Skowen, Leland O. (C) 
Tucker, Austin N. (C) 
Wagner, Elide I. (C) 


HARTFORD 

Bergfeldt, Julius V. (B) 
McKenzie, Gordon D. (B) 
HOUSTON 

Feezor, Lee (B) 

Kelly, Jerrold J. (B) 
Ogletree, H. E. (B) 
Plummer, Charles Allen (B) 
Ragland, Frank O. (B) 
Stanley, B. C. (B) 
INDIANA 

Evans, Robert W. (C) 
Schreiner, Donald J. (D 
IOWA 

Ludlum, Joseph C. (C 
Signs, Jim I. (B) 
Stevens, Stanley M. (C 
J. A. K. 

Widner, Park (C 
KANSAS CITY 

Bowman, Lewis C. (B) 
Riekenberg, Ralph M. (C 
LEHIGH VALLEY 

Albert, Roland J. (B) 


LONG BEACH 

Rout, Cecil Howard (C 
Tullis, Philip I. (A) 

LOS ANGELES 


Dyer, Edward Lloyd (C) 
Lambase, John M. (C 
Staudt, John W. (B 
Thomas, George W., Jr. (C 
Willard, Glen P. (B) 


LOUISVILLE 

Shore, William D. (C) 
Yancey, Harold L. (C) 
MAHONING VALLEY 


Evans, John G. (C) 
Hinkle, Robert James, Jr. 


EFFECTIVE NOVEMBER 1, 1959 
MEMBERSHIP CLASSIFICATION 


A—Sustaining Member 


B—Member 


C—Associate Member 


D—Student Member 
E—Honorary Member 
F—Life Members 


TOTAL NATIONAL MEMBERSHIP 


Sustaining Members 
Members 

Associate Members 

Students 

Honorary Members 

Life Members 


AWS Builds Men of Welding 


MARYLAND 
Ballingall, James G. (B 


MICHIGAN 


Eichorst, Charles F. (B 
Meyers, James F. (B 


MILWAUKEE 


Brehm, Robert T. (C 
Bulson, Lester C. (C) 
Case, A. F. (C) 
Garriott, F. Emery (C) 
James, William J. (B 
Libert, Russell D. (B 
Netto, Julius J. (B) 


NEW JERSEY 


Banks, Robert R. (C) 
Bocklet, Charles J. (B 
Carey, William G. (C) 
Ebert, Harry (C) 
McKeever, Kenneth F. (C 
Perkins, C. D. L. (C 


NEW ORLEANS 

Lester, George H. (C 
Russum, B. R. (B) 

NEW YORK 

Alvorfer, Kenneth J. (C) 


Camps-Campins, Francis M. 


(C) 

Cunningham, John (B) 
Eberle, Robert Addison (C 
Gratkowski, Thadeus (C 
Kelly, Fred S. (B) 


NIAGARA FRONTIER 


Jelonek, Kenneth Roger (B 
Shuttleworth, Robert A. (C 


NORTH TEXAS 


Clingman, E. J., Jr. (C 
McCormick, S. D. (C) 


NORTHEAST TENN. 
Goforth, John A. (B) 
NORTHERN NEW YORK 
Flynn, Joseph W. (B) 
NORTHWEST 


Barson, E. W. (C) 
Piper, Thomas L. (B) 


NORTHWESTERN PA. 
Brenner, James F., Jr. (C 
Kaim, Frank M. (B) 
Zeus, Anthony P. (C) 
OKLAHOMA CITY 
Flaming, E. H. (B) 
Schoch, Richard D. (C 
PASCAGOULA 

Doescher, E. H. (C 


PEORIA 

Fildes, Willis (C) 

Jones, Charles E. (B 
Kolb, Duane V. (C 
Mathis, Charles R. (C 
Perry, Keith (C) 
Rhodes, W. L. (C 
PHILADELPHIA 
Doepken, Herbert C. (B) 
Epstein, Oscar (B) 
PITTSBURGH 

Brechel, Mel K. (B) 
Burkey, William P. (C 
Eaton, W. H. (B 
Kiernan, Francis R. (C) 
King, Joseph J. (C) 
Wichrowski, Charles T. (B) 
PROVIDENCE 

Conroy, Thomas R. (B) 
Cote, Roland L. (B) 
PUGET SOUND 

Askin, Kurt (D) 

Uchida, Jack M. (D 
SAGINAW VALLEY 
Coutrier, Ray (B) 

ST. LOUIS 


Cummings, Donald E. (B) 
Droege, Carl F., Jr. (C) 
Miller, Robert C. (C) 


SAN DIEGO 
Vanslager, Joseph Ernest (B) 
SAN FRANCISCO 


Baginsky, Stephen (B) 
Billings, David P. (B) 





Brown, Richard K. (A 
Edises, Frank (C) 
Fletcher, Carl W. (B 
Lang, Oscar V. (B 
Rasbach, John M. (B 
Rhoades, Daniel J. (C 
Watkins, George E. (C 
SANGAMON VALLEY 
Mathews, Joseph P. (C) 


SANTA CLARA VALLEY 
Cole, Charles E. (B 
SOUTH FLORIDA 


Cunningham, Martin J. (C 
Gundrum, J. W. (B 


STARK CENTRAL 
Madison, Elvin Ray (C 
SYRACUSE 


Haun, Orval N. (B 
Irwin, William H., Jr. (C) 
Romano, Lewis A. (C 


TOLEDO 
S 
Williams, Donald L. (B 


TULSA 


McWilliams, William E. (B 
Phillips, Earl H. (B 


WESTERN MASS. 


Middlebrook, Gerald D. (B) 


Ball, Thomas Raymond, Jr. 


WORCESTER 


Belden, Rodney S. (C 
Gayley, Oliver Gordon (C 
Grenier, Leo H. (B) 


MEMBERS NOT IN SECTIONS 
Madili, Ken (C 


Members Reclassified 
During October, 1959 
BOSTON 


Lawrence, Roy I. (C toB 


CINCINNATI 
Smith, Garlin L. (C toB 


COLUMBUS 
Mishler, Herbert W. (C to B 


FOX VALLEY 

Jacklin, Gordon H. (C to B 
Mulder, A. C. (CtoB 
Willecke, G. K. (C to B 
HOLSTON VALLEY 

Myers, James, Jr. (B to A 


LONG BEACH 
Heckler, Harry J. (DtoB 


LOS ANGELES 


Cooley, Floyd D. (C toB 
Halloran, James D. (D to C 


Murphy, George P. (C toB 
Ottesen, Herbert S. (CtoB 


NEBRASKA 
Selser, Marion C. (C toB 


NEW YORK 
Yates, Ira B. (C toB 


NORTHWEST 
Griffis, Roger D. (C to B 


PHILADELPHIA 
McKenzie, Alexander (C to B 


RICHMOND 
Wilcox, D. V. (Bto A 


SAGINAW VALLEY 
Zdrojkowski, Floyd J. (D to 
C 


SALT LAKE CITY 

Bennett, Arthur A. 

CFP) 

SANTA CLARA VALLEY 
LeGrand, Theodore P., (D to 
B 

Winter, Jim (D to B 
SOCIETY 


Charwick, Anthony C. 








CHANGE OF RESIDENCE ADDRESS 


OR COMPANY AFFILIATION 


DATE 


NAME 


LAST 


RESIDENCE ADDRESS 


city 


COMPANY NAME 


COMPANY ADDRESS 


city 


Title of position held 


Mail should be sent to my r 


MIDDLE 


check one 





I wish to be affiliated with the 


. AWS Section 


NOTE: To assure that your copy of the Welding Journal is mailed to your new address, this 
change of address notice must be received at American Welding Society, 33 West 39th 


BATEMAN 


BANTAM 


IRON WORKER 


THE ONLY IRON WORKER OF ITS 
KIND ON THE MARKET TODAY 


No Grinding Neces- 
sary After Cut. One 
Stroke Cycle Clutch 
Operated by Hand 
or Foot. 


The Bateman “‘Ban- 
tam” cuts 2” x 2” x 
4” angles and 4" x 
4” flacs. Standard 
punches will fit this 
machine. The Coper 
will cope 1%” 
through 44” material 
It will punch 4” 
hole through 4” ma- 
terial. With the clutch 
open, the Bantam will 
make 44 strokes per minute. It is made of 
high-grade cast iron, with the clutch, pin 
and dog made of hardened steel. The blades 
are made with tool steel. It is powered with 
a fly wheel and gear drive, and uses a small 
¥% hp motor, 1750 rpm. 


Bateman Bantam with punch___$575.00 
Shear only __. $495.00 
Shipping wt. 750 Ibs. 


BATEMAN FOUNDRY & MACHINE 


Street, New York 18, N.Y., no later than the 25th of the month previous to issue mailing MINERAL WELLS. TEXAS 


Fer details, circle No. 22 on Reader information Card 
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Sperry Unveils New Models 


At a press preview held Oct. 27, 
1959, Sperry Products, Inc., of Dan- 
bury, Conn., revealed three new 
models of ultrasonic testing equip- 
ment to be placed on the market in 
early November. It was also an- 
nounced that the firm had been ac- 
quired by the Howe Sound Co., a 
New York concern with diversified 
mining and manufacturing interests. 


The three new products are a port- 
able thickness gage, a versatile, me- 
dium-priced Reflectoscope and a 
larger model Reflectoscope said to 
embody new features not to be 
found in any other industrial test- 
ing equipment. 

The pulse-echo ultrasonic thick- 
ness gage is transistorized, uses low- 
voltage batteries and weighs 10 lb. 
Thickness readings must be cali- 
brated for the particular medium 
under test. Fine and coarse scale 
readings have divisions of 0.005 and 
0.01 in. respectively and closer read- 
ings may be interpolated although 
accuracy is given as 1% full scale 
reading (full scale = 0.5 or 1.0 in. 
based on average deviation from 
the mean. Thicknesses readings 
in excess of 36 in. in steel and alu- 
minum are possible by precalibra- 
tion. Thicknesses may also be 
tested by means of a go-no-go light 
and this feature together with its 
portability makes the unit desir- 
able for testing in dark, confined 
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spaces. 

The UM Reflectoscope, a 35-lb 
unit, is designed to handle high- 
speed flaw detection. 

The UI Reflectoscope designed 
for laboratory or production-line 
work has a 12-in., two-color, dual- 
trace display tube which permits 
separation of flaw marks from range 
marks. Suitable for contact as well 
as immersed inspection, the UI 
model has many additional features 
which extend its ultimate scope and 
efficiency. 


Linde Shifts Products 
to Distributors 


Previously available only from 
the manufacturer, the Linde Co., 
Div. of Union Carbide Corp., now 
offers, through distributor channels, 
their Oxweld oxyacetylene welding 
and cutting apparatus, Sigma ap- 
paratus for inert-gas-shielded metal- 
arc welding, and Unionmelt equip- 
ment and supplies for submerged-arc 
welding. 

For the present, Linde will con- 


tinue to furnish and service Unionarc 


welding equipment and _ supplies, 
highly specialized oxyacetylene 
equipment, and pilot-arc starting 
for Sigma spot welding, on a direct 
manufacturer-user basis. 


NCG Names Seven Outlets 


Engagements of seven special 
sales representatives for the Na- 
tional Cylinder Gas Division of 
Chemetron Corp. have been an- 
nounced. 

They will handle sales to railroads 
of NCG rail welding services and 
other railroad equipment, and will 
also supply certain NCG lines in- 
cluding welding, cutting and other 
industrial equipment. 

Companies appointed and the 
personnel who will specialize in 
NCG sales are: 

R. E. Bell Co., 2089 Railway Ex- 
change Building, St. Louis. Rich- 
ard E. Bell and Richard H. Bell. 


Eastern Railway Supplies, Inc., 
110 E. 42nd St., New York. John 
W. Samson, W. H. Bahrenburg and 
Harry A. Doyle. 

Stan H. Haigh Co., 333 First 
Federal Building, St. Paul. Stan 
H. Haigh, Jerry Haigh and Tom 
Haigh. 

Donald J. Hogan & Co., Inc., 327 
S. La Salle St., Chicago. D. J. 
Hogan, J. H. Callahan, J. F. Moran 
and J. M. Norton. 

Stanley H. Smith & Co., Inc., 
2754 Woodhill Road, Cleveland. 
Stanley H. Smith, E. H. Ricketts, 
J. J. Clark, J. B. Powell and J. M. 
Bina. 

Southeastern Railway Supply, 
Inc., 2304 Wilson Blvd., Arlington, 
Va. W. Conroy Wilson, J. B. Ak- 
ers and Martin E. Perdue. 

Don N. Roddy & Co., 1031 15th 
St., Denver. Don N. Roddy. 


COMING 
EVENTS 





A Calendar of Welding Activity 


he TA TT 
AWS National Meetings 
41st Annual Meeting: 
April 25-29, 1960. Biltmore Ho- 
tel, Los Angeles, Calif. 
Exposition: April 26-28 
Great Western Exhibit Center 
1960 National Fall Meeting. Sep- 
tember 26-29. Penn Sheraton 
Hotel, Pittsburgh, Pa. 


ASTM 


Feb. 1-5, 1960. Committee 
Week. Hotel Sherman, Chicago, 
Ill. 


CGA 
Jan. 18-20, 1960. Waldorf As- 
toria Hotel, New York City. 








&H announces a|| new and complete 
line of STAINLESS || STEEL ELECTRODES 





In addition to a wider choice, Harnischfeger POH TYPE AWS CLASS §=—«- PAE TYPE AWS CLASS 


. P Harstain 308 E-308-15 Harstain 316 £316-15 
offers you stainless steel electrodes with ex- Harstain ““A’’ 308 £308-16 Harstain“A" 316 —«E316-16 


ceptional weldability and quality control in Harstain 308 ELC © ESOBELC-15 Harstain3IG ELC §=—=—_E316 ELC-15 
P Harstain “A” 308 ELC £308 ELC-16 Harstain ‘A’ 316 ELC £316 ELC-16 
all AWS-ASTM types. Improved chemistry sn are 


: Harstain 309 £309-15 Harstain 317 E317-15 
assures stronger, smoother beads, with less Merstain “A 300s ENB S Harstain “A” 317 —«ESI7-16 


spatter and easier slag removal. Write for Harstain 309 Cb £209 Cb-15 _—sHarstain 318 E318-15 


a Harstain “A” 318 E318-16 
. . . . H in “A b-1 
Bulletin R-49 which gives the chemical pote sg er nag 
- ° Harstain 309 Mo £309 MO-15 esmse oa 
range and mechanical properties of each PeH Harstain “A” 309Mo g30emo-1g "*Stain““A" 330 E390-16 


. . Harstain 347 E347-15 
stainless steel electrode listed here. And tell | Harstain 310 £310-15 eenie“0" 30. Eee 
| Harstain “A” 310 E310-16 


us about any special requirements you may Harstain 349 £349-15 
. : Harstain 320 Cb E310 Cb-15 Harstain ““A’’ 349 £349-16 

have. We'll be happy to work with you. ; Herstain “A” 310Cd E310 CD-18 
Harchrome 502 £502-15 

Harstain 310 Mo E310 Mo-15 
Harstain A’ 310 Mo E310 Mo-16 —-##chrome 505 AIS! 505 


HARNISCHFEGER Harstain 312 £312-15 Harchrome 410 £410-15 
WELDERS . ELECTRODES . POSITIONERS Harstain “A” 312 E312-16 Harchrome 430 £430-15 
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COME TO LOS ANGELES 
ON APRIL 25-29, 1960 











Liquid-gas Plant Started 


Construction of an air-separation 
plant at Baton Rouge to supply 
high-purity liquefied industrial gases 
to the area, was announced by Air 
Reduction Sales Co. The plant, 
which will cost over $2,000,000, will 
have a production capacity of 30 
tons of liquid oxygen, nitrogen and 
argon per day. The installation, is 
the newest in Airco’s growing net- 
work of plants. 


Arc-welding Design Awards 
Announced 


Redesign of many types of ma- 
chinery from cast iron to arc-welded 
steel can prove a powerful weapon 
against the inroads of foreign com- 
petition. This was evident from a 
review of award-winning contribu- 
tions in the third Machine Design 
Award Program sponsored by The 
James F. Lincoln Arc Welding 
Foundation, Cleveland. Some 72 
engineers from 54 companies par- 
ticipated in the $50,000 cash awards. 





SAFETY 
ECONOMY 


HI-AMP 


GROUND CLAMPS 


i 
ne 


® Spring cannot be knocked out. 


® Spring adjustment screw for easy re- 
placement or adjusting. 


® Sturdily built for excessive abuse. 


® Designed especially for all-around weld- 
e7s needs, 


LENCO. inc. 


Box 189, Jackson, Mo. 











For details, circle No. 24 on Reader Information Card 
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First award of $10,000 went to 
Ernst Duesing, supervisor, Oliver 
Machinery Co., Grand Rapids, 
Mich., for his description of how a 
wood-turning and metal-spinning 
lathe was redesigned to make use of 
arc-welded components and thereby 
reduce the price by 35%. 

Second place winner was Fritz M. 
Hessemer, plant superintendent, Al- 
lis-Chalmers Mfg. Co., York, Pa. 
He received $7500 for an analysis of 
the redesign of large hydraulic tur- 
bine runners from cast iron to arc- 
welded steel, at a cost saving of 
around 30%. 

Third award of $5000 was re- 
ceived by Adolph H. Kleinsorge, 
chief engineer, W. B. Knight Ma- 
chinery Co.,St. Louis. Hereviewed 
the welding of steel surface plates, 
conventionally of cast iron or stone 
slab. The welded plates, used to 
check the flatness of machined parts, 
proved to be lighter, less costly and 
more easily modified than former 
designs. 

John K. Liu, associate director of 
research and development, Clear- 
ing Division, U. S. Industries, 
Inc., Chicago, was awarded $2500 
for his description of the develop- 
ment of a welded-steel engine lathe, 
three times as rigid as its cast-iron 
counterpart and built at a 12% cost 
saving. 

Fifty other awards ranged from 
$1000 down to $250 each. 


Engelhard Names Two Distributors 


The American Platinum & Silver 
Division of Engelhard Industries, 
Inc. has named Austin-Hastings Co., 
Inc. a distributor for its line of Silv- 
aloy silver brazing alloys and fluxes 
in the New England states, it was 
announced recently. 


Austin-Hastings, of Cambridge, 
Mass., has warehouses in ‘iartford, 
Conn., and Worcester, Mass. The 
company, established in i849, is a 
leading New England manufacturer 
and distributor of machine tool, 
welding and metalworking equip- 
ment. 

In addition, National Welding 
Supply, with headquarters in Char- 
lotte, N. C., will market the silver 
brazing materials in the southeast 
through its seven branches and 
some 200 dealers. 


Hollis Clarifies Position of AWMA 


“The newly-formed Automatic 
Welding Machinery Association 
does not overlap the function of any 
of the other groups in the welding 
field, and because of this, has a most 
important role to play,’’ announced 
E. W. Hollis, president of AWMA, 
in a recent statement. 

In commenting on the new trade 
group, Mr. Hollis reported that ‘“‘it 
is the purpose of the Association to 
draw the technical and manage- 
ment personnel of automatic weld- 
ing machinery manufacturers to- 
gether to provide better user under- 
standing of the use of such equip- 
ment, and also to create uniform 
nomenclature, engineering stand- 
ards and methods of rating, for this 
equipment. 

“Certainly there can be little jus- 
tification for this Association if it 
is a duplication of other established 
groups, but this is hardly true,’’ he 
pointed out. ‘“‘Fusion welding has 
become an integral part of more and 
more production operations, and 
making welding more automatic and 
repetitive is essential from the 
standpoint of both cost and qual- 
Be ces 





KSM Expansion 


KSM Products, Inc., announces 
that their new building now under 
construction in Moorestown, N. J., 
will house the new headquarters for 
manufacturing stud-welding  fas- 
teners and the executive staff pres- 


ently located in Merchantville, N. J. 
KSM now reports sales and/or 
warehouse operations in 25 major 
cities representing an increase of 
50% in personnel over the last six 
months and expects to continue ex- 
pansion during the next year. 
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High-speed hardsurfacing and fast field repair are two jobs you 
can handle easily and cheaply with PaH engine-driven welders 
and P&H hardsurfacing electrodes. 


The sturdy wheel- or skid-mounted welders can go anywhere 
in the field — take plenty of hard knocks — and still do a 
bang-up job with big, high-deposit rods. P&H machines are 
powered by field-proved gas or diesel engines famed for their 
economy. They not only have a miser’s grip on the fuel line, 
but they are more rugged and easier to service. 


P&H hardsurfacing electrodes can be used to prevent wear and 
to prolong the service life on valuable equipment. What’s more, 
hardsurfaced parts will in most cases outlast the original parts 
by two to twenty-five times! 


Investigate both. Write for Bulletin W-158 which describes 
the welders — and Bulletin R-27 for information on the hard- 
surfacing electrodes. 


P&H welding equipment is manufactured 


HARNISCHFEGER REGENT EQUIPMENT MANUFACTURING CO., LTD, 


P< H WELDERS + ELECTRODES + POSITIONERS ChE es Sy Sy Coe 
MILWAUKEE 46, WISCONSIN 


nied For details, circle No. 25 on Reader information Card 


2,900,488--Arc WELDING GUNS WITH 
CONSUMABLE ELECTRODE WIRE 
Andre Bassot, Boulogne-sur-Seine, 
France, assignor to L’Air Liquide, 
Societe Anonyme pour |’Etude et I’- 
Exploitation des Procedes Georges 
Claude, Paris, France. 

The present patent relates to an electric arc- 
welding gun that has a mechanism in it for 
moving an electrode wire through the gun. A 
hydraulic gear motor is mounted on the body and 
is connected to the mechanism for driving the 
electrode feeding mechanism. A _ volumetric 
pump is positioned remote from the gun body and 
connects to the hydraulic motor. The hydraulic 
fluid supplied to this hydraulic motor is also used 
as a cooling medium for the gun body. 


2,900,489-—ContTact JAW ASSEMBLY 
FOR ELEctRIC WELDING—Howard N. 
Keener, Fort Worth, Tex. 


This patented electric welding device has a jaw 
support frarne and a pair of jaw members having 
opposing vertical grooves in co-extensive rear 
edges of the jaw members. Other special guide 
means are present in the support frame, and an 
electrode is carried between the arcuate grooves 
in the jaw members. 


of Current PA 


Abstracts 


prepared by Vern L. Oldham 


Printed copies of patents 
may be obtained for 25¢ from the 
Commissioner of Patents, Washington D.C. 


2,900,490—-COVERED ELECTRODE FOR 
WELDING CasT IrRon—Leon M. 
Petryck, Cranford, and George R. 
Pease, Westfield, N. J., assignors to the 
International Nickel Co., Inc., New 
York, N. Y., acorporation of Delaware. 
The present patent is on a coated arc welding 
electrode adapted for joining workpieces of cast 
iron. In the electrode, a steel core wire, made 
from a steel containing about 0.08 to 0.35% 
carbon, up to about 0.9% manganese and the 
balance essentially iron, is provided. A special 
flux coating is provided that contains by weight 
about 35 to 50 parts of alkaline earth metal 
carbonate and other specified materials. 


2,900,573—-RESISTANCE WELDING 
CONTROL FOR BENCH WELDING 
MacuINE— William E. Large, Clarence, 
N. Y., assignor to Westinghouse 
Electric Corp., East Pittsburgh, Pa., a 
corporation of ‘Pennsylvania. 

This patent is on a special timer and associated 
circuit and control means for resistance welding 
control action in a bench welding machine. 


2,900,713—MrETHOD OF MAKING 
REINFORCED HONEYCOMB STRUCTURES 
— S. Young, Chula Vista, 
ait, 
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This patent is on a method of making rein- 
forced panels from metallic cellular structures and 
the method includes the steps of placing a sheet 
of metal brazing material provided with weakened 
zones corresponding in spacing to that between 
the centers of openings provided in the cellular 
structures and punching the sheet in the area of 
the weakened zones to displace metal into the 
openings of the cells of the structure and cause 
the displaced metal to frictionally engage the 
walls of the openings. A metal covering sheet is 
superimposed on the brazing sheet and the 
assembly is subjected to brazing temperature to 
cause the displaced metal to be bonded to the 
cellular structure and the surface of the brazing 
sheet to bond to the covering sheet. 


2,901,589--APPARATUS FOR SPREADING 
WIRES OF WIRE SPRING RELAY Com- 
PONENTS AND WELDING CONTACTS 
THERETO—Rudolph Spillar, Cicero, 
Ill., assignor to Western Electric Co., 
Inc., New York, N. Y., a corporation 
of New York. 


This patent is on a specialized apparatus that 
has a plurality of laterally spaced electrodes for 
welding elements onto closely positioned resilient 
parts of an article. Means are present to support 
the article in a welding position and other means 
spread the parts laterally into a predetermined 
spaced relation to each other in alignment with the 
electrodes provided so that welding action can 
be obtained. 


2,901,590—-METHOD OF FABRICATING 
SANDWICH ‘TYPE PANELS—Michael 
Watter and Walter S. Eggert, Jr., 
Philadelphia, Pa., assignors to the 
Budd Co., Philadelphia, Pa., a corpora- 
tion of Pennsylvania. 

In this new method, a smooth covering skin 
sheet is mated with a corrugated core sheet on at 
least one side and continuous solid conductor 
bar mandrels are disposed between each pair of 
opposed spaced crests of the corrugations. The 
core sheets are resistance welded together in 
the contacting valleys between crests and the 
mandrels are kept in position and the composite 
core and mandrels are bent to a predetermined 
curved shape. A preshaped skin sheet is placed 
on one side of the curved core and mandrel 
assembly and the skin sheet is resistance welded 
to the crests of the curved core sheet with the 
welding current passing through the mandrels 
which are thereafter removed from the assembly 


2,901,591—-WELDING oF {I'wo PIECEs, 
IN PARTICULAR IN THE PRODUCTION 
or Gas CYLINDERS, AND VESSELS 
Tuus OBTAINED—Pierre Tesson, Paris, 
France, assignor to Pecquet, Tesson & 
Cie, Crouy (Aisne), France, a French 
company. 

Tesson’s patent is on a process of manufacturing 
substantially closed steel vessels and comprises 
butt-welding together the open ends of two 
tubular vessel sections each provided with a 
bottom. The inside of the welded vessel com- 
municates with the atmosphere only through a 
hole in the vessel wall. A weld backing strip is 
applied within the vessel along the open ends to be 
welded together and such strip is made from 
material not weldable to the vessel metal and 
having a melting point lower than thx: of the 
latter but high enough to resist the welding heat. 
Thereafter the strip is simultaneously melted 
while the welded vessel is being annealed after 
the welding operation. Lastly, the melted 
material of the strip is poured out of the hole in 
the vessel upon termination of the annealing 
operation, which operation is terminated while 
such strip material is in the liquid state. 


2,901,592—-METHOD FOR FABRICATING 
VesseLs—David B. Rossheim, Ve 7 
et. N. J., assignor to the 
llogg Co., Jersey City, N. J., a 
corporation of Delaware. 
The present patent is on a method of fabricating 
a pressure vessel having an impervious trans- 
verse member united to the longitudinal wall- 
thereof to separate the internal space of ths 
vessel into a plurality of i 
sections. The me inchadies the steps “of 
welding a special transition piece of generally Y- 
shape in section in the pressure vessel to provide 
means for attaching transverse members in the 





vessel chamber to the walls thereof. 


2,902,587—-ARc-WELDING PROCESS 

AND APPARATUS—Arthur A. Ber- 

nard, Chicago, Ill., assignor to Chem- 

etron Corp., Chicago, Ill., a corpora- 
tion of Delaware. 

This novel arc-welding process and apparatus 
includes means for positioning a consumable 
metal electrode to form an arc for transferring- 
metal from the electrode to the base metal mem- 
ber provided, and means including an annular 
nozzle to form an annular continuous curtain of 
shielding gas surrounding the arc. This curtain 
of gas is the only means to enclose the arc and 
arc-generated gas and is directed against the base 
metal at such an angle that the curtain of gas 
does not exclude atmospheric air from access to 
the arc while the gas curtain itself is substantially 
excluded from the arc and from deleterious inter- 
mingling with arc-generated gases. A trailing 
hood is also present to form a partial enclosure 
over the molten weld pool to one side of the arc 
and means supply a shielding gas to this trailing 
hood. 


2,902,588—-METHOD AND APPARATUS 
FOR CLADDING—Peter G. Zouck and 
Hugh Y. Rinehoff, Baltimore, Md., 
assignors to Alloy Cladding Co., 
Inc., Baltimore, Md., a corporation 
of Maryland. 


In this patent, a method is disclosed for lining a 
wall of a cylindrical body. In the method, one or 
more welding heads are moved in one direction 
around the wall and are advanced axially to de- 
posit one or more continuous beads of lining metal! 
in spiral-like manner along the wall. The lead 
angle for the weld heads is such that an unin- 
terrupted surface lining is formed by repeated 
traverses of the welding head or heads around the 
wall to be lined 


2,902,589--RESISTANCE WELDING 

Elmer R. Wirta, Costa Mesa, Calif., 

assignor to Fairchild Engine and 

Airplane Corp., Hagerstown, Md., a 

corporation of Maryland. 

Wirta’s patented method comprises the steps of 
disposing a bonding material at a T-shaped abut- 
ment at an edge of a thin metal member and a 
thicker metal sheet. Weld current is passed 
through the sheet and the member to weld them 
together and at least partially set the bonding 
material along the unwelded abutment between 
the resulted spaced weld joints. 


2,902,590—MeETHOD OF MAKING Con- 

POSITE FUEL ELEMENTS—Robert A. 

Noland, Chicago, and Cecil C. 

Stone, Downers Grove, IIl., assignors 

to the United States of America as 

represented by the United States 

Atomic Energy Commission. 

The present method is for preparing a composite 
fuel-blanket element for a nuclear reactor. The 
patent is particularly directed to the special steps 
of heliarc welding the joints between the central 
fuel section consisting of a Zircalloy-clad rod of 
highly enriched aluminum and two upper and 
lower blanket sections consisting of a Zircalloy- 
clad rod of natural uranium where Zircalloy end 
caps are provided and the central fuel section is 
jointed to the upper and lower blanket sections by 
welding actions using thin disks of Zirconium be- 
tween the ends to be joined. 


2,903,553 — Continuous CAGE-MAK- 
ING Macuine—Adolf G. Butler, 
Downey, Calif., assignor to American 
Pipe and Construction Co. ., South 
Gate, Calif., a corporation of Dela- 
ware. 

This is a special apparatus for making reticu- 
lated wire structures and includes a rotatable wire 
feed and support assembly to feed a plurality of 
wires in circumferentially spaced relation axially 
of the assembly which will simultaneously rotate 
it as a whole to wind another wire therearound. 
Welding means are supported for limited move- 
ment on an are concentric with the axis of rota- 
tion of the wire assembly and other means cause 
the welding means to travel with the assembly for 
a limited axial distance. 





Charles D. Cooper Retires 


Many friends and well-wishers 
attended the retirement dinner held 
in honor of Charles D. Cooper at the 
Elizabeth-Carteret Hotel, Eliza- 
beth, N. J. on Dec. 1, 1959. 

Associated with the Metal and 
Thermit Corp., Rahway, N. J., Mr. 
Cooper is one of the charter mem- 
bers of the AMERICAN WELDING 
Society having enrolled on Dec. 31, 
1920. He holds membership card 
number 112 believed to be one of the 
earliest numbers, if not the earliest, 
still effective today. As a result, 
he has been termed ‘‘one of the real 
pioneers in welding’’ among the 
many members who hold him in 
affectionate regard. 


Muller Named Sales Director 


Jack Muller, special sales repre- 
sentative in Latin America, has been 
appointed Sales Director for South 
American countries for All-State 
Welding Alloys Co., Inc. Mr. Mul- 
ler has worked in Argentina for some 
14 years. Since 1956 he has been 
on the sales staff of American con- 
cerns interested in developing Latin 
American business. 


_— 


Jack Muller 


Montayne Appointed 


Appointment of J. Paul Mon- 
tanye as application engineer of the 
Colmonoy Division of Wall Col- 
monoy Corp., Detroit, has been 
announced. 

With offices at the Wall Colmonoy 
plant at 1565 Bluff Road, Monte- 
bello, Calif., Mr. Montanye will 
provide design and application en- 
gineering assistance to the metal- 
working industry in the west coast 
states. He has had 15 years of 
experience in developing and selling 
hard-surfacing alloys and welding 
equipment. 


Arter Joins A. 0. Smith 


William Arter has joined the Los 
Angeles sales staff of the Welding 
Products Division, A. O. Smith 
Corp., Milwaukee, Wis., it was 
announced recently. 

A graduate welding engineer, 
Arter will service the southern west- 
coast area on A. O. Smith’s C- 
OManual and C-OMatic welding 
equipment, as well as handle sales 
of d-c power sources for welding and 
other applications. 


Peterson Made Vice President 


H. M. Peterson has been ap- 
pointed vice president and con- 
troller of Arcrods Corp., Sparrows 
Point, Md., it was announced by 
W. E. Brainard, president of the 
company. 

Mr. Peterson was first associated 
with Arcrods Corp. in 1939. Since 
that time he has held positions as 
divisional controller of the Air 
Reduction Sales Co. Division’s 
Equipment Manufacturing Plant at 
Union, N. J.; as manager of budgets 
and evaluations in Air Reduction’s 
New York office; and most recently 
as staff analyst at that location. 


J. Paul Montayne 


Brueckner, Hetherington, Robinson 
Appointed 


Harnischfeger Corp., Milwaukee, 
Wis., announces the appointment of 
three sales representatives for the 
Pittsburgh district office—E. W. 
Brueckner, J. T. Hetherington and 
L. R. Robinson, Jr. All three will 
have territories which include sec- 
tions of Pittsburgh, two of which ex- 
tend into adjoining states. 


Paine Starts Company 


Ellwood Paine M3 has formed a 
welding supply company under his 
own name at 1317 Lincoln Ave., 
Peoria, Ill., from which he will 
market compressed gases, welding 
supplies and will offer consultation 
service on welding problems. 

Mr. Paine has been active in the 
field since 1951 having covered the 
Peoria area as salesman and sales 
engineer for such firms as Eutectic 
Welding Alloys Corp., National 
Cylinder Gas Co. and County Weld- 
ing Supplies Co. 


Poteat Faculty Member 


Laurence E. Poteat WS has been 
appointed to the faculty of North 
Carolina State College, Raleigh, N. 
C., as instructor of metallurgical 
engineering. For the past three 
years he had been associated with 
the Watertown Arsenal Labora- 
tories, Watertown, Mass. From 
1953 to 1956 he was employed by the 
Metals Research Laboratory of 
Union Carbide Corp., Niagara Falls, 
N. Y. 

Mr. Poteat has a background in 
metallurgical research, development 
and application fields, including 
alloy development, automatic weld- 
ing processes development and stud- 
ies in weldability and cracking of 
metals. He is also active in various 


William Arter 
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NO. 1 OF A SERIES 
“How to Design Welded Aluminum Structures” 


Alcoa Research 
trength of Welded 


Mr. Harry N. Hill, 
Engineering Design 

Division Chief, 

Alcoa Research Laboratories, 
Aluminum Company of 
America, reports research 
findings presented at the 1959 
annual meeting of the 
American Society of 

Civil Engineers. 


For the first time in the industry, Alcoa is publishing 
an informational series of new concepts in the strength 
and characteristics of welded aluminum. This new ap- 
proach to the design problem is based on extensive, 
continuing investigation at Alcoa Research Laborato- 
ries where advanced methods for the use of aluminum 
structures are being explored. 

As you well know, welding heat-treated or work- 
hardened alloys creates a somewhat weaker “heat- 
affected zone’”’ in the immediate vicinity of the weld. 
Outside this narrow region the original high strength of 
the parent metal is unaffected. Previous design methods, 
using the old “‘weakest link’”’ theory, required designers 
to use the minimum strength of the material in the heat- 
affected zone as the over-all strength of the structural 
member. 

Alcoa research engineers have developed new design 
rules that far more accurately reflect the actual strengths 
of welded structures of aluminum. A new “reduced- 
strength zone’’ concept is used in these new rules. This 
zone is smaller than the heat-affected zone, as shown 
in the accompanying graph. 

In a member containing a longitudinal weld, all the 
area within the reduced-strength zone is considered to 
have the minimum strength of the material adjacent 


Your Guide to the Best in Aluminum Value 


to the weld. Beyond this zone, the aluminum is con- 
sidered to have its original strength unaffected by the 
heat. The ultimate or yield strength of such a member is 
calculated as the weighted average of the strength within 
the “‘reduced-strength zone’ and that of the metal outside 
this zone. Frequently, the reduced-strength zone con- 
stitutes but a small part of the total cross section, and 
the welding has a negligible effect on the strength of the 
member. This reduced-strength zone concept also ap- 
plies to transverse and other localized welds. Subsequent 
articles in this series will treat these welds. 

The validity of this new weld strength concept and 
the resulting design methods have been thoroughly 
demonstrated by tests of welded members in tension, 
compression and bending. 

The extent of the reduced-strength zone has been 
exhaustively studied in surveys of hardness, tensile 
strength and yield strength. Careful analysis of a large 
body of such data with welded samples up to 2 in. 
thick has indicated the inert gas, tungsten arc or con- 
sumable electrode welding process does not create a 
reduced-strength zone in excess of 1!4 in. from the 
center line of a butt weld or from the heel of a fillet 
weld. Experimental repair welds where the weld was 
chipped out and rewelded as many as six times were 
included in the data. The data indicated that for many 
welding conditions, the reduced-strength zone is sub- 
stantially less than the maximum 1% in. Here, appro- 
priate smaller values can be used for design. 

Watch for additional subjects in this series: 10-in. 
gage length yield strength; strength of welded members 
in tension; strength of welded members in compression; 
welded beams; fillet welds and design data. 

Call your Alcoa sales engineer for detailed informa- 
tion on “‘Designing Welded Aluminum Structures,” or 
write Aluminum Company of America, 1762-A Alcoa 


Building, Pittsburgh 19, Pa. 
#7 ALCOA §& 


y 


For exciting drama watch “Alcoa 
Presents” every Tuesday, ABC-TV, and 
the Emmy Award winning “Alcoa Theatre”” 
alternate Mondays, NBC-TV 





For details, circle No. 26 on Reader Information Card 


8 | JANUARY 1960 





Reveals New Concepts 
Aluminum Alloys 
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DISTANCE FROM CENTER LINE OF WELD 
Typical Distribution of Yield Strength Values in Vicinity of Weld 


fyo = Yield strength of parent metal unaffected by heat 
fyn = Minimum yield strength in heat-affected zone 

b, = Extent of reduced-strength zone 

bn = Extent of heat-affected zone 


For details, circle Ne. 26 on Reader information Card 
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RESISTANCE 
WELDING 
ENGINEER 


An unusual opportunity for a re 
sistance welding expert in- 
terested in a position of major 
responsibility with unlimited 
advancement potential. A min- 
imum of three to five years ex- 
perience is necessary to qualify 
for this position which involves 
work on manufacturing prob- 
lems in the rapidly expanding 
semiconductor industry. A 
chance to grow with one of the 
giants of the electronics world. 


For further information, get in 
touch with 


Mr. Joseph McGovern 
Raytheon Company 

150 California Street 
Newton 58, Massachusetts 


i> SEMICONDUCTOR 
DIVISION 











national technical societies, and a 
registered professional engineer. 
He holds the degree of B.M.E. from 
North Carolina State College and 
M.S. of Metallurgical Engineering 
from Stanford University, Calif. 





WELDING 
ENGINEER 


For technical service work 
with customers, engineer- 
ing degree or equivalent re- 
quired. Experience with 
corrosion and heat resisting 
alloys desirable. Apply to: 


W. C. NORTON, MANAGER 
—TECHNICAL SERVICE 


HUNTINGTON ALLOY PROD- 
UCTS DIVISION 


THE INTERNATIONAL NICKEL 
COMPANY, INC. 


HUNTINGTON, WEST VIRGINIA 
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Stanyon Made Sales Representative 


Harry L. Stanyon has joined the 
sales department of Fibre-Metal 
Midwest, Inc. of Chicago. Mr. 
Stanyon attended Boston Univer- 
sity and the University of Vermont 
and was engaged in sales work in 
New York State. He will cover 
the Michigan, Wisconsin and Illi- 
nois area for Fibre-Metal Midwest. 


Brehm Named Sales Engineer 


A new addition to the Milwaukee 
district sales staff of A. O. Smith 
Corp. is Robert Brehm, sales en- 
gineer. Brehm will work with E. 
A. Steidl in direct customer sales 
contact. A graduate of Marquette 
University, Brehm has just com- 
pleted A. O. Smith’s training course. 


EMPLOYMENT 
SERVICE 
BULLETIN 


Positions Vacant 


Research scientists sought. Oppor- 
tunities for research work in the fields 
of chemistry, mathematics, metallurgy 
and physics are available in a variety 
of Federal establishments in the Wash- 
ington, D. C. area. 

Two bulletins issued by the U. S. 
Civil Service Commission describe the 
grades of positions open, the back- 
ground required, the programs of the 
various agencies, salaries offered and 
directions for applying. Announce- 
ment No. 210B covers grades GS-5 and 
GS-7 with salary range of $4490 and 
$5430 a year. Announcement No. 
209B covers grades GS-9 and GS-15 
with salary range from $6285 to 
$12,770 a year. 

Applications will be accepted by the 
Board of U.S. Civil Service Examiners, 
National Bureau of Standards, Wash- 
ington 25, D. C. until further notice. 





OBITUARY 


Frederick H. Frankland 


Frederick H. Frankland, age 77, 
partner in the New York consulting 
engineering firm of Frankland and 
Lienhard, died Nov. 1, 1959. Be- 
fore joining the firm of Frankland 
and Lienhard in 1947 he had been 
technical director, chief engineer 
and director of engineering of the 
American Institute of Steel Con- 
struction since 1928. 


Neil A. Douglas 


Neil A. Douglas, 56, sales man- 
ager of National Welders Supply 
Co., Inc. and an active figure in the 
compressed gas industry for over a 
century, died October 16 at Char- 
lotte, N. C. 

A native of Milwaukee, Wis., Mr. 
Douglas went to work for the Air 
Reduction Co. in New York City in 
1925, and then was transferred to 
Richmond, Va. and Charlotte, N. C. 
In January 1951, he joined National 
Welders as sales manager in which 
capacity he served until his death. 


John B. Tinnon 


John B. Tinnon, retired vice 
president in charge of sales, Metal & 
Thermit Corp., died November 30th 
at New Rochelle Hospital, New 
Rochelle, N. Y. He was 74. 

A native of Fort Worth, Tex., he 
was graduated from Vanderbilt 
University in 1908. In 1912, he 
started with Chicago and Joliet 
Electric Railway, becoming chief 
engineer. He served with the U.S. 
Army during World War I. 

In 1924, he joined Metal & 
Thermit Corp., New York, and 
subsequently became sales manager. 
From 1944 to 1955, he was vice 
president in charge of sales, which 
position he held until his retirement 
in 1955. 


John B. Tinnon 


During World War II, Mr. Tin- 
non directed the program of thermit 
welding the stern frames of Liberty 
ships. He was an active member 
of AMERICAN WELDING SOCIETY, 
serving on the WELDING JOURNAL, 
Reserve Funds and other commit- 
tees, as well as on the AWS board of 
directors. He also was a member of 
the American Transit Association, 
American Railway Engineering As- 
sociation and the National Electrical 
Manufacturers Association. He was 
active in church and civic affairs. 








New Literature 


Multi-arc Welding Handbook 


Technology, economics and other 
practical aspects of multi-arc weld- 
ing are discussed in a 71-page illus- 
trated “‘Guide to Better Welding” 
issued by J. B. Nottingham & Co., 
Inc., 441 Lexington Ave., New 
York 17, N. Y. 

Principles, uses and advantages of 
multi-arc welding are explained, 
with references to specific examples. 
Initial operating and maintenance 
costs of multi-arc and single-oper- 
ator welding are compared. Appli- 
cations to tungsten-arc welding, 
consumable-electrode welding, stud 
welding and arc-air gouging are out- 
lined. 

For your free copy, circle No. 51 
on Reader Information Card. 


Engineering Data Book 


A booklet detailing complete 
standard designs and specifications 
for stud welding fasteners has just 
been published by K S M Products, 
Inc., Merchantville 8, N. J. The 
48-page booklet describes the stud 
welding system and provides com- 
plete engineering data in addition to 
stud welding fastener specifications. 

The book is available, on letter- 
head request only. 


Booklet Commemorates 
30th Anniversary 


A well-illustrated and informative 
48-page booklet, ‘“The Miller Elec- 
tric Story,”’ has recently been com- 
pleted by the Miller Electric Mfg. 
Co., Inc., of Appleton, Wis., makers 
of arc and spot-welding machines. 

In a foreword, Niels C. Miller, 
president of the company, gives a 


brief historical background of his 
organization. The balance of the 
booklet concerns itself with the per- 
sonnel, the plant and the products. 

For your free copy, circle No. 52 
on Reader Information Card. 


Nondestructive Test Systems 


A 4-page illustrated folder issued 
by Magnaflux Corp., 7300 W. Law- 
rence Ave., Chicago 31, IIl., de- 
scribes equipment, materials and 
methods used in several types of 
nondestructive tests for flaws in 
magnetic and nonmagnetic materi- 
als. Inaddition, accurate measure- 
ment of a number of important 
physical properties is said to be eas- 
ily achieved in conductive materi- 
als. Reference is made to several 
special types of testing as well as to 
the company’s regular inspection 
service. 

For your free copy, circle No. 53 
on Reader Information Card. 


Tungsten-arc Welding Equipment 


The Heliarc line of manual 
welding equipment is fully covered 
in a new, 20-page catalog (F- 
8982E) now available from Linde 
Co., 30 E. 42nd St., New York 17, 
N. Y. Every manual torch in 
the Heliarc line is said to be 
clearly illustrated in one-half actual 
size. Accessories available for each 
torch are described in the torch sec- 
tion of the catalog, and are also 
listed separately in handy table 
form. 

For your free copy, circle No. 54 
on Reader Information Card. 


Radiography with Isotopes 


A 12-page booklet, ‘Industrial 
Radiography with Radioisotopes,” 
describing equipment and methods 
of radiographing numerous indus- 
trial products, has been published 
by Picker X-Ray Corp., 25 S. Broad- 
way, White Plains, N. Y. 

Illustrated in color, the booklet 
discusses the advantages peculiar 
to isotopes in radiography, the se- 
lection of the proper isotope for a 
particular job and methods of mak- 
ing radiographic exposures. Also 
presented is a “chart of equivalent 
energies,’ showing typical exposure 
times required to radiograph various 
materials of varying thicknesses 


with some of the popular isotopes. 
Other sections explain kow to solve 
the half-life problem of isotopes 
without downtime on the unit and 
list various radiation-monitoring de- 
vices. The publication also out- 
lines services available through the 
new Picker Research Center. 

For your free copy, circle No. 55 
on Reader Information Card. 


Turning-roll Positioners 


An illustrated 4-page engineering 
bulletin describes the complete line 
of turning rolls now available in 
capacities from 5000 lb to 600 tons 
in both rubber tired and _ steel 
wheeled models for rotating cylin- 
drical vessels and weldments. 

Also available from the Aronson 
Machine Co., Arcade, N. Y., is a 
data sheet of the dimensions and 
speeds of model G3500, a new 175- 
ton positioner said to offer excep- 
tional versatility over a wide range 
of work sizes. 

For your free copy, circle No. 56 
on Reader Information Card. 


Welding-machine Catalog 


A 12-page bulletin, giving con- 
densed specifications of all P&H 
transformer, rectifier and rotary d-c 
welding machines is offered by Harn- 
ischfeger Corp., Milwaukee 46, Wis. 
Iliustrations of various models are 
accompanied by tables giving in- 
put, output and performance char- 
acteristics. 

Also offered is bulletin R-49 giv- 
ing this company’s specifications on 
their extended line of stainless- 
steel electrodes covering all AWS- 
ASTM types. 

For your free copy, circle No. 57 
on Reader Information Card. 


Aluminum-welding Data Sheet 


Where and how to use aluminum 
for welding, brazing and soldering is 
the practical subject of a series of 
charts just revised by All-State 
Welding Alloys Co., 249-55 Ferris 
Ave., White Plains, N. Y. Tensile 
strength, recommended joining ma- 
terial, percent elongation and typi- 
cal uses are shown for 24 aluminum 
alloys. 

In addition to this basic chart, 
tables show various breakdowns for 
15 types. For example, one table 
shows the composition of these alu- 
minum alloys. Another contains 
data on melt and flow temperatures 
of typical aluminums, and the plas- 
tic range of each. Another gives 
recommended filler materials for 
inert-gas welding of aluminum al- 
loys. A table on solders helps select 
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the right solder and flux for joining 
aluminum to aluminum and to dis- 
similar metals. Melt, flow, plastic 
range and tensile strength are listed 
for five All-State aluminum solders. 

For your free copy, circle No. 58 
on Reader Information Card. 


Welding and Cutting Equipment 


A 16-page catalog (NR-175) of 
“Rego” welding and cutting appara- 
tus describing individual items and 
welding, cutting or combination out- 
fits as well as industrial gases is 
available from National Cylinder 
Gas Div. of Chemetron Corp., 840 
N. Michigan Ave., Chicago, Ill. 

For your free copy, circle No. 59 
on Reader Information Card. 


Metallurgy Data Chart 


Now available in an 8'/,.- x 11-in. 
size convenient for engineer’s data 
books, a 4-color “‘Basic Guide to 
Ferrous Metallurgy” is offered by 
Tempil® Corp., 132 W. 22nd St., 
New York 11, N. Y. 

Previously issued as a wall chart 
in 1941 and revised in 1954, the 
guide is said to have become a 
standard reference and teaching aid. 
Principal characteristics of carbon 
steels (to 0.9% C) are depicted 
across the temperature range to 
2900° F. Various working ranges 
and grain-size changes are shown. 
Terms are defined and explained. 

For your free copy, circle No. 60 
on Reader Information Card. 


Brazing News 


The “‘Colmonoy Alloy News’’ vol. 
4, no. 5, features article in the repair 
of bottle molds by braze welding 
and the application of furnace-braz- 
ing techniques to small, critical 
parts, the latter at the Montebello, 
Calif., plant of the Wall Colmonoy 


Corp., 19345 John R St., Detroit 3, 
Mich. A tough metal-spray pow- 
der, C-290, is also described. 

For your free copy, circle No. 61 
on Reader Information Card. 


Flux-cored Electrodes 


Welding characteristics and data 
for four types of “Dual Shield” 
continuous flux-cored electrodes are 
contained in a new bulletin (NH- 
103T) available from the National 
Cylinder Gas Division of Chemetron 
Corp., 840 N. Michigan Ave., Chi- 
cago 11, Ill. Information is given 
on four electrodes: Dual Shield 110 
for mild-steel one- or two-pass weld- 
ing; 111A for mild-steel multiple- 
pass welding; and 150 and 151 for 
single- or multiple-pass welding 
of high-tensile-strength, low-alloy 
steels. Diagrams show correct op- 
erating positions for Dual Shield 
automatic and Automanual weld- 
ing guns, and welding procedures are 
described. 

For your free copy, circle No. 62 
on Reader Information Card. 


Welding Galvanized Parts 


The Westinghouse Electric Corp., 
Box 2278, Pittsburgh 30, Pa., ina 1 
page “News” letter describes a 
method of washing the weld joint 
area with a solution of potassium di- 
chromate and hot water prior to 
galvanizing. After welding, the 
joint is shot-blasted and zinc 
sprayed. 

For your free copy, circle No. 64 
on Reader Information Card. 


Spot-welding Bulletin 

The 4-page bulletin No. 593, 
“Weld-It” published by The Tay- 
lor-Winfield Corp., Warren, Ohio, 
describes the spot welding of mass- 
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produced steel pulleys. The same 
issue has an article on the use for 
the past 42 years of the company’s 
equipment for spot welding office 
furniture. 

For your free copy, circle No. 65 
on Reader Information Card. 


Welding with Copper Alloys 


A 4-page issue of “Ampco Weld- 
ing News,” third quarter, 1959, de- 
scribes the aluminum-bronze welded 
overlay of a 7500-ton press ram, 52 
in. diam by 108 in. long. Other 
types of welded overlay and repair 
are described in this quarterly pub- 
lication of Ampco Metal, Inc., 
1745 S. 38th St., Milwaukee 46, 
Wis. 

For your free copy, circle No. 66 
on Reader Information Card. 


Metalworking Directory 


There are 31,084 metalworking 
and metal producing plants in the 
United States employing 20 or more 
persons, according to statistics re- 
flected in the initial issue of Dun & 
Bradstreet’s Metalworking Direc- 
tory. Of these 31,084 plants, 11,141 
employ 100 or more persons, 7111 
employ 50 to 99 persons and 12,832 
employ 20 to 49 persons. 

A geographic analysis of these 
statistics reveals 3502 of the total 
31,084 metalworking plants are lo- 
cated in New York State. The next 
five top ranking states were: Cali- 
fornia with 3294 plants; Illinois, 
3191; Ohio, 2852; Michigan 2522; 
and Pennsylvania, 2397. Other sta- 
tistics are included and indexed. 

For details, circle No. 67 on 
Reader Information Card. 





CONTRIBUTE NOW TO THE NEW HOME OF AWS! 





Paid herewith $ 


Credit my gift to: 
OAWS 0 
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In consideration of the gifts of others I intend to give to 
UNITED ENGINEERING CENTER BUILDING FUND 
Dollars $ 





Balance will be paid as follows 


Signed 
Print Name 


Address 





High-alloy Tube Catalog 


A folder on tubing and pipe made 
of Hastelloy Alloys B and C has been 
issued by the Carpenter Steel Co.’s 
Alloy Tube Division, Union, N. J. 

The bulletin outlines applications 
of these alloys and gives tables de- 
scribing their comparative resist- 
ance to corrosive fluids. Other 
tables show the chemical analysis 
and physical and mechanical prop- 
erties, size ranges available and tol- 
erances of pipe and tubing. An- 
other section deals with workability. 

For your free copy, circle No. 68 
on Reader Information Card. 


Flux, Solder Catalog 


Catalog C-1 contains descriptions 
of fluxes, solders and_ supplies. 
Products shown include general 
purpose, stainless steel, aluminum, 
rosin and noncorrosive fluxes, paste 
solders, tinning compounds, silver 
brazing fluxes, aluminum and stain- 
less-steel solders, soldering accesso- 
ries. Available from Johnson Mfg. 
Co., Inc., Mt. Vernon, Iowa. 

For your free copy, circle No. 69 
on Reader Information Card. 


Grinding-wheel Safety Chart 


The Grinding Wheel Institute, 
2130 Keith Building, Cleveland 15, 
Obis, announces the availability 
of a wail chart listing ten do’s and 
ten don’ts for grinding wheel oper- 
ator safety. The information con- 
tained in this chart is based on the 
rules and regulations established by 
the American Standard Safety Code 
for the use, care and protection of 
abrasive wheels, B7.1—1956. 

This 13'/, x 13'/; in. wall chart is 
suitable for display in tool rooms, on 
bulletin boards and in the grinding 
machine area. 

For your free copy, circle No. 70 
on Reader Information Card. 





PLAN NOW 


TO VISIT 
WELDING SHOW EXHIBITS 
AND DEMONSTRATIONS 


GREAT WESTERN EXHIBIT 


CENTER 
LOS ANGELES, CALIF. 
APRIL 26-28, 1960 











Carbon Brushes 


The Ohio Carbon Co., Dept. 312, 
12508 Berea Rd., Cleveland, Ohio, 
offers catalog No. 15B describing 
carbon brushes for d-c welding 
machines. Contained in the 24- 
page booklet are cross-catalogued 
dimensions and descriptions of orig- 
inal brushes and their replacement 
counterparts. All common machine 
makes are covered—exciter brushes 
and main brushes. Machines are 
listed by name, amps, model and 
type, plus brush numbers in numeri- 
cal order and progressive size in 
tables. 

For your free copy, circle No. 71 
on Reader Information Card. 


Welding Cast to Sheet Aluminum 


Army research which showed the 
weldability of selected cast alumi- 
num alloys to 5086 aluminum alloy 
sheet, a promising material for bal- 
listic missile skins, is described in a 
report just released to industry 
through the Office of Technical 
Services, U. S. Department of 
Commerce. 

Study of the Weldability of Alu- 
minum Casting Alloys with 5086 
Wrought Aluminum Alloy. M. S&S. 
Orysh and I. G. Betz, Frankford 
Arsenal, U. S. Army. September 
1958. 55 pages. (Order PB 151307 
from OTS, U. S. Department of 
Commerce, Washington 25, D. C., 
$1.50.) The moderate strength, 
good formability, excellent resist- 
ance to general and stress corrosion 
and weldability of 5086 wrought 
aluminum alloy sheet make the 
material promising for use as skin 
for ballistic missiles. Inert-gas- 
shielded tungsten-arc welding was 
used. 


Properties of Stainless Steels 


A report containing comprehen- 
sive mechanical and physical data 
for nine commercially important 
precipitation-hardenable steels and 
another giving similar data for 
five cold-rolled austenitic stainless 
sheet steels have been compiled by 
the Defense Metals Information 
Center, Battelle Memorial Institute, 
and released for industry use. 

Physical and Mechanical Proper- 
ties of Nine Commercial Precipita- 
tion-hardenable Stainless Steels. D. 
A. Roberts, D. B. Roach and A. M. 
Hall, Defense Metals Information 
Center, Battelle Memorial Institute 
for the Office of the Director of De- 
fense Research and Engineering. 
May 1959. 83 pages. (Order PB 
151068 from OTS, U.S. Department 
of Commerce, Washington 25, D. C.., 


When You Weld Cast Iron 
Select the Correct 


CAST IRON WELDING RODS 
OR ELECTRODES 


FUSE-WELL NO.11 _ 


FUSE-WELL No. 11, Squcre—Gray Cast | 
Iron Welding Rod for Acetylene use in | 
filling or building up new or worn 

castings producing machineable welds. | 


FUSE-WELL NO.12 


FUSE-WELL No. 12, Round—Has the | 
same uses and analytical ingredients | 
as Fuse-Well No. 11. 


FUSE-WELL No. 14, Moly—An Iron | 
Base Rod with alloys added for finer 
grain structure and greater strength. 


FUSE-WELL No. 22, Electrode — Light } 
coated Rod to be used for AC or DC 
welding in the fabricating and repair- 
ing of cast iron castings. 


THE CHICAGO HARDWARE FOUNDRY CO. 
Weld Rod Division 
Lie) Ba. meel.iier-ecleo mm le al, leib 


For details, circle No. 27 on Reader Information Card 





$2.25.) This report contains data 
obtained from producers on all 
physical and mechanical properties 
of nine commercially important 
precipitation-hardenable stainless 
steels. The three classes included 
are martensitic (Stainless W and 
17-4 PH); semiaustenitic (17-7 
PH, PH 15-7 Mo, AM 350, and AM 
355); and austenitic (A-286, 17- 
10P, and HNM). 

Properties of Certain Cold-rolled 
Austenitic Stainless Sheet Steels. 
R. J. Mangone, D. B. Roach and A. 
M. Hall, Defense Metals Informa- 
tion Center, Battelle Memorial In- 
stitute for the Office of the Director 
of Defense Research and Engineer- 
ing. May 1959. 62 pages. (Or- 
der PB 151069 from OTS, U.S. De- 
partment of Commerce, Washington 
25, D. C., $1.75.) Physical and 
mechanical properties of five cold- 
rolled austenitic stainless sheet steels 
being used or considered, for air- 
frame construction are presented in 
graphs and tables. Included are 
AISI Type 301, MicroMach, AISI 
Type 201, USS Tenelon and USS 
17-5 MnV. 
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ARIE VIEWS 


OF NEW BOOKS 


Foreign Books. Reviews obtained 
from foreign periodicals by Gerard E. 
Claussen, contributor of World-Wide 
Welding News. 


France 


Resistance Welding (Le Soudage 
Electrique Par Resistance) by Jean 
Negre, 432 pages, 194 illustrations, 
published by Publications de la Sou- 
dre Autogene, 39 rue d’Amsterdam, 
Paris 8, France, 1750 francs (3.60 
approx.) for paper back, 2100 francs 
for hard back. 

This is the third edition of a book 
first published in 1948. The first 
four parts of the book cover the the- 
ory and principles of resistance 
welding, spot, seam and butt weld- 
ing. The fifth part deals with as- 





Young Engineer Wanted. The 
Welding Research Council, a co- 
operative research organization, 
requires a young graduate engi- 
neer, having at least two years of 
experience, for Technical Sec- 
retary. Opportunities for advance- 
ment and experience in research 
writing and publications; also, con- 
tacts with outstanding scientists 
and engineers. Starting salary 
$8000. Send resume of educa- 
tion, experience and background 


to: 


Assistant Director 
Welding Research Council 
29 West 39th Street 

New York 18, N. Y. 


All replies will be 


held in confidence. 
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sembly of parts and weldability. 
Some new examples have been added 
to the fifth part, and new develop- 
ments, such as three-phase and low- 
frequency power, are discussed. 
The book is intended for both plant 
and laboratory personnel. 


West Germany 


Design of Welded Structures (Ge- 
staltung und Berechnung Von 
Schweisskonstruktionen) by A. Er- 
ker, H. W. Hermsen and A. Stoll, 
180 pages, published by Deutscher 
Verlag fur Schweisstechnik GmbH, 
Dusseldorf, Germany, 15.80 German 
Marks (about $4.00). 

This comprehensive textbook cov- 
ers all phases of the design of welded 
machinery. The German Welding 
Society published the book. 

Chapter 1 (6 pages) describes 
welding and fabrication equipment. 
Chapter 2 (34 pages) outlines sym- 
bols and tolerances, while Chapter 3 
7 pages) discusses plate-edge prep- 
aration. Chapter 4 (61 pages) deals 
with shrinkage, weldability heat 
treatment and the selection of type 
of joint. In Chapter 5 (37 pages) 
the principles of design for fatigue 
are explained. Chapters 6 and 7 
(20 pages) quote existing design 
specifications for welding. 

Dr. Erker is well known for his 
work on fatigue of welds, and the 
book condenses a great deal of his 
experience at the Augsburg-Nurn- 
berg Machinery Co. There are 
about 400 line diagrams and 70 ta- 
bles. The book is not intended for 
the designer with 10 or 20 years ex- 
perience, but for young engineers 
and all those who do not have the 
opportunity for careful study of the 
widely dispersed literature on 
welded machinery. The motto on 
the first page of the book reads ““The 
best welded structure is the one 
with the least welding.”” The book 
goes a long way toward showing how 
to achieve this goal. 

Distortion Caused by the Flame and 
Induction Hardening of Cast-Iron 
Machine Tools (Beitrag zur Klarung 
der Frage Des Verzuges Bei Der 
Flammen- und Induktionshartung 
Sperriger Werkstiicke Aus Grau- 
guss) by Kurt Falkenmayer, Band 
13, Heft 3 of Harterei-Technische 
Mitteilungen, 66 pages, Deva Fach- 
verlag, Stuttgart, Germany 1959. 

This doctorate dissertation from 
the Faculty for Machinery Engi- 
neering of the Berlin-Charlotten- 
burg Technical College is a scientific 
investigation of the causes of dis- 
tortion and means for avoiding dis- 
tortion in flame and induction hard- 
ened areas of lathes and other 
machines tools. A method of dis- 


tortionless hardening was developed 
which involved deep penetration of 
heat, followed by hardening only a 
thin surface layer. The distortion 
due to cooling of the deep, unhard- 
ened zone canceled the distortion 
due to the quench hardening. 

The Welding of Trailer - truck 
Couplings (Hinweise Fiir Das 
Schweissen, von Anhanger-Zugga- 
beln) by Bruno Fuhrmann, and 
collaborators, Second enlarged edi- 
tion, 9 pages, published by the Ger- 
man Welding Society, Dusseldorf 
Germany, 1959, 0.75 German 
Marks. 

This small book outlines the de- 
sign and welding of highway trailer- 
truck couplings, the eyes of which 
must be made of normalized low- 
carbon, low-alloy steel ST 52. Sam- 
ple design calculations for fatigue 
are explained. The book is a joint 
effort of the Institute for Truck En- 
gineering, the Materials Institute of 
the Hanover Technical College, the 
Munich Engineering Inspection So- 
ciety and the German Welding 
Society. 

The Utilization of Carbide Residue 
(Karbidkalk und Seine Verwer- 
tung), Fifth revised edition, 18 
pages, published by the German 
Welding Society, Dusseldorf, Ger- 
many, 1959. 

The Carbide Committee of the 
German Welding Society prepared 
this book to promote the economic 
disposal of spent calcium carbide 
from acetylene generators. The 
calcium hydroxide is used in build- 
ing construction as a constituent of 
mortars, as paint, for softening wa- 
ter, and to wash ammoniacal com- 
pounds from city gas. Recently it 
has been used widely to neutralize 
acid sewage. 


BOUND VOLUMES 
OF 1959 JOURNAL 
NOW AVAILABLE 


Bound volumes of the WELDING 
JournNnaL for the year 1959 are | 

available in black imitation 
leather covers, together with a | 
comprehensive — subject and | 
authors index. Price $15, includ- | 
ing postage. 
This volume comprising a total | 
of 1250 pages in the JournnaL | 
and an additional 496 pages in 
| 


the Welding Research Supplement 
represents a veritable encyclo- 
pedia of information in the Weld- 
ing field. Copies may be ordered 
through the AMERICAN WELDING 
Socrety, 33 W. 39th St., New 
York 18, N. Y. 








R 


Creamer, V.P., checks x-ray films of tank welds 


Picture of a man saving *400 per unit 


It’s done with Kodak Industrial 
X-ray Film, Type AA 


Creamer and Dunlap, Inc., make 
pressure vessels—big ones, 67 ft. 
long by 9 ft. in diameter. Because 
they radiograph every inch of 
every weld to determine sound- 
ness, they can use thinner plate. 
This results in about 10% less 
weight with attendant savings in 
fabrication, handling and ship- 
ping. Altogether it adds up to as 
much as $400 per unit. 

What’s more, radiography 
helps to assure customers of a 
high-quality, safe product. 


This company switched to Kodak 
Industrial X-ray Film, Type AA, 
because, ‘‘This film,” they say, 
“is faster and has superior con- 
trast, definition and radiographic 
sensitivity. 

Your x-ray dealer and the 
Kodak Technical Representative 
will gladly tell you how Kodak 
film can improve your radio- 
graphic operation and help you 
get more out of your present 
x-ray or gamma-ray equipment. 
It can pay you to get in touch 
with them. 


wo” 
P fr) 





Read what 

Kodak 

Industrial 
X-ray Film, 


Type AA, does for you: 


@ Speeds up radiographic exami- 


nations. 

Gives high subject contrast, 
increased detail and easy read- 
ability at all energy ranges. 
Provides excellent uniformity. 
Reduces the possibility of pres- | 
sure desensitization under 

shop conditions. 


EASTMAN KODAK COMPANY, X-ray Division, Rochester 4, N.Y. 


For inspection of welds, Kodak Industrial X-ray Film, Types AA, M, and KK, 
are available in the 70mm by 550 ft. package, as well as in standard sheet sizes. 


For details, circle No. 29 on Reader Information Card 
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New Products 


Tungsten-arc Welding Units 


Air Reduction Sales Co., 150 E. 
42nd St., New York 17, N. Y., 
offers two automatic units for use 
with Airco’s Heliweld (tungsten- 
inert-gas) welding process. Of en- 
tirely new design, these Heliweld 
automatic units, designated model 
HMH-D and HMH-E, are elec- 
tronically controlled and can be 


used for a-c or d-c tungsten-arc 
welding, without an accessory con- 
trol, using argon, helium or mixtures 
of these shielding gases as required. 

The units are specifically designed 
for long-run production welding 
applications on all ferrous and non- 
ferrous metals where good weld ap- 
pearance is necessary or where 
stringent specifications must be met. 

For details, circle No. 101 on 
Reader Information Card. 


Manual Co. Welding Machine 


An optional version of A. O- 
Smith Corp.’s CP C-OManual But- 
ton Welder is designed especially for 
high-production rates in automotive, 
appliance and similar plants where 
manufacturing lines are automated. 

Button welding is a_ versatile, 
low-cost process for joining steel 
from 0.035 to 0.250 in. thick. Car- 
bon dioxide is used as a shielding 
agent. The finished weld may have 
a reinforcing rivet head or flat ap- 
pearance as application demands. 
A consumable electrode adds filler 
metal to the weld. 

The basic equipment package con- 
sisting of a constant-potential 600- 
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amp power source with slope control, 
Stellarweld reactor, wire drive that 
can feed an electrode at an adjusted 
rate of speed, and a semiautomatic 
gun, is offered by The Welding 
Products Div., A. O. Smith Corp., 
Milwaukee, Wisc. 

For details, circle No. 
Reader Information Card. 


102 on 


Bench Welding Machine 


A small, press-type bench weld- 
ing machine designed for extra-fine 
and critical welding has been an- 
nounced by the Universal Electro- 
weld Division of Electric Arc, Inc., 
152-1 Jelliff Ave., Newark 8, N. J. 


This machine is said to offer a 
higher capacity and a wider work 
range to the same type of fast, sensi- 
tive and automatic operation typical 
of the tweezer and miniature press 
types. Models range from 5 to 50 
kva. These single-phase, resistance 
welding machines are air actuated, 
have adjustable upper and lower 
arms and holders, and come equipped 
with a Universal Electroweld foot 


switch. A light metal ram operat- 
ing in a lineal ball-bearing sleeve 
and aprecision diaphram cylinder 
help achieve accuracy. 

For details, circle No. 
Reader Information Card. 
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Weather-proofed Welding Machines 


Welding machines completely 
weather-proofed against rain, cold, 
heat and even salt spray, for use by 
ship builders, contractors and metal 
fabricators have been announced by 
the National Cylinder Gas Division 
of Chemetron Corp., 840 N. Michi- 
gan Ave., Chicago 11, Ill. 

These ‘“Sureweld’’ DRH series 
d-c rectifier machines are the first 
horizontal direct-current units built 
to withstand rough handling and ad- 
verse weather, the company said. 


= eee 


Protection from the elements in- 
cludes: double-dipped Class B insu- 
lation on the transformers to provide 
maximum resistance to moisture 
and increased dielectric strength; 
fully sealed, semimetallic rectifiers; 
totally enclosed, lifetime-lubricated 
fan motors with louver-protected 
air intakes and exhausts; Cam-Lok 
output terminals; noncorrosive on- 
off switch contacts; and corrosion- 
resistant baked enamel cabinet fin- 
ishes. 

For details, circle No. 
Reader Information Card. 
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Dual-purpose Positioner And 
Welding Head 


Development of an economy com- 
bination longitudinal and circum- 
ferential weld positioner, which 
utilizes a single, common inert-gas 
tungsten-arc welding head station, 
carriage, track, power supply and 
control, has been announced by 
Airline Welding and Engineering, 
15899 S. San Pedro St., Gardena, 
Calif. 

When fitted with the tungsten- 
arc welding process (with dcsp 
power) and inert-gas backup and 





purge systems for the back-up man- 
drel, the equipment is reported 
capable of making extremely accu- 
rate welds in any metal without 
changing power supplies. Metals 
include all new exotics such as un- 
alloyed and alloyed titanium, zir- 
conium, molybdenum, Rene 41 and 
A-286 alloys in thicknesses from 
0.005 to */;, in., according to the 
manufacturer. 

For details, circle No. 
Reader Information Card. 
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Testing Unit for Honeycomb Panels 


An “inexpensive, quick and com- 
pletely staisfactory”’ method of in- 
specting brazed-metal honeycomb 
sections for structural integrity is re- 
ported by Picker X-Ray Corp. 
The honeycomb sections, used ex- 
tensively in high-speed aircraft, 
must be completely inspected. In- 
spection methods previously de- 
veloped are said to be inadequate, 
time-consuming and expensive. 

Research, according to Picker 
X-Ray Corp., has resulted in a 
photofiuorography technique that 
gives the required sensitivity (3%), 
adequate speed (145 sq ft/hr on a 
4-in. panel thickness), moderate 
initial investment and low operating 
costs. 

For details, circle No. 
Reader Information Card. 
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Automatic Welding 
Machine 


Automatic welding fixtures, with 
a unique employment of the panto- 
graph principle, are introduced by L 
and B Welding Equipment, Inc., 


2424 Sixth St., Berkeley, Calif. 
Two models, a Standard Twin Arm 
Pantograph, and a Standard Single 
Arm Pantograph, are offered. 

This design reportedly has the ad- 
vantage of quick positioning over a 
large area of linear welds in various 
directions. Other features are: 
straight-line welding to 16 ft on 
standard models; ease of arm 
manipulation; precision-built rigid 
construction; arms independently 
locked; motorized vertical travel; 
centralized operator station; 
carriage beam can be tilted for up 
or down-hill welding; and simplicity 
in alignment of travel carriage with 
seam to be welded. 

For details, circle No. 107 on 
Reader Information Card. 


Container for Electrodes 


A polyethylene-covered fiber con- 
tainer with recessed metal ends and 
replaceable cap is now used for 
packaging hard-surfacing electrodes 
by the McKay Co. of Pittsburgh, 
Pa. The new package, called Poly- 
Rod-Pac, provides a replaceable lid 
which is easily removed. 


ie 
i+ 2 


Electrode coverings have a tend- 
ency to absorb moisture and this can 
have an adverse effect on their use. 
Tests conducted by McKay engi- 
neers, revealed that the new pack- 
age gives complete moisture protec- 
tion to the electrodes until it is 
opened by the customer. At pres- 
ent the McKay Co. is packaging 
only their Hardalloy 32 and 48 hard- 
surfacing electrodes in the new Poly- 
Rod-Pac. 

For details, circle No. 
Reader Information Card. 


108 on 


Liquid-flux Dispenser 


An improved automatic liquid- 
flux dispenser has just been an- 
nounced by All-State Welding AIl- 
loys Co., 249-55 Ferris Ave., White 
Plains, N. Y. Called the “‘Mark III 
Jet Flux Dispenser’ it mixes flux 
with acetylene in the exact amount 
for the pressure and tip size being 
used. The flux forms a vapor which 
saturates the gas and goes right on 
with the acetylene into the flame 
and out on the work. There is said 
to be no waste. 

For details, circle No. 
Reader Information Card. 
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Weld Help Kit 


The Arcair ‘““Weld Help Kit” is a 
sampling package of welding carbon 
plate, rod and paste. Through use 
of these items welders can quickly 
realize their advantages to facili- 
tate difficult welding work, accord- 
ing to the Arcair Co., P. O. Box 431, 
Lancaster, Ohio. 


JG JOBS’ EASY 
REE $5 oe 


The kit contains eight diameters 
of carbon rods, three thickness of 
carbon plate, a can of carbon paste, a 
can of Protex—surface protection 
compound and an illustrated man- 
ual showing some applications of 
these materials to produce better 
welding. 

For details, circle No. 
Reader Information Card. 
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Coverglass Goggles 


Two new American Optical cover- 
glass goggles, for use by welders and 
chippers, are said to fit 99% of the 


users. In addition to fitting over all 
types of prescription spectacles, the 
goggles utilize standard 50 mm 
round lenses, to effectively reduce 


according 
Dept. 


lens-stocking problems, 
to American Optical Co., 
4634, Southbridge, Mass. 

The welder’s model, No. 329, has 
indirectly ventilated side louvers. 
It is supplied with Filterweld No. 
5 shade lenses for protection against 
injurious light radiation, glare and 
flying sparks. Both frames are 
cellulose acetate in opaque brown. 

For details, circle No. 111 on 
Reader Information Card. 


WELDING JOURNAL | 95 





Stop pumping = 
welder maintenance 
money into 

a leaky bucket! 


When your welder reaches the age where partial repairs 
occur too frequently and the usefulness of the machine is 
continually interrupted—it’s time for Lincolnditioning. 

Lincolnditioning is complete remanufacturing. Your 
welder, returned to the factory, is completely torn down 
and rebuilt, so that all the parts are returned to new- 
machine condition or replaced when necessary. You 
know how much it will cost before you start. You have 
it done when you want, not when the machine breaks 
down. You receive a NEW WELDER GUARANTEE. 


Compare the advantages 


of LINCOLN REMANUFACTURING with 


Fix-as-you-go maintenance 





REMANUFACTURING VERSUS FIX-AS-YOU-GO 


Fixed Cost Unknown And Hidden Costs 
Performed At Your Convenience Job Slowdowns For Repairs 

100% Factory Rebuilt Partial Repairs 

New Welder Guarantee No Assurance Against Recurring Costs 











A Lincolnditioning job on your welder is like buying a 
new, guaranteed machine for about '4 the original cost! 


See your Lincoln man, or write to us for price and details. 


THE LINCOLN ELECTRIC COMPANY 
dade YU SA Dept. 1962 + Cleveland 17, Ohio 





The world’s leading manufacturer of arc welders, electrodes, AC motors and battery chargers. 
For details, circle No. 30 on Reader information Card 
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The Welding of Ductile lron 


WRC interpretive report indicates that strong, ductile joints are 
attainable in ductile iron. However, in most cases, long postweld heat treatments 
may be required to attain desired properties. 


BY G. R. PEASE 


UMMARY. Strong, ductile joints are The need is indicated for more re the name spheriodal graphite iron or, 
attainable in ductile iron, the best of search effort in the following areas more simply, S.G. iron, appears to 
which have properties which match, ’ a 
or nearly match, those of the 60-45-10 
grade of castings. In most cases, 
however, long postweld heat treat- 


Elimination of the hard (car- be the preferred one. Whatever its 
bidic) heat-affected zone name, the material being referred to 
Better reproducibility of results is a casting alloy which is very simi- 
Development of low-cost (pref- lar in composition to ordinary gray 


ments are required to attain these erably 1utomatic welding : 2. 
properties. As-welded joints are tie i iron but which is two to three times 
me oas 


strong, but contain hard structures in as strong and much more ductile 
the heat-affected zone which impair . It has aptly been called “‘the cast 
aad f ee Introduction re 
machinability, impact strength and iron that can be bent. 
ductility. In the late 1940’s the discovery These very substantial improve- 
For any given set of welding con- was announced '; * of a new engineer- ments in properties are made possi- 
ditions, or heat treatment, there is a ing material which has since been hie by the addition of a Gow tam- 
a mack of reproducibility of referred to by a variety of names in- dredths of a percent of either mag- 
a of about 600° F are highly cluding nodular iron, ductile iron nesium or cerium. the effect of which 
desirable as a precautionary measure and spheroidal Or spherulitic gra- is to transform strength-impairing 
to prevent cracking but, otherwise, phite iron. In this country, the flakes of graphite into relatively 
have relatively little effect on the joint name ductile iron appears to be harmless spheroids (Fig. 1). Of the 
properties. emerging as the one most commonly two possible additions, magnesium 
For most applications, particularly used. In Europe and elsewhere, has become the one preferred by 
those involving finished or semi- ‘ 
finished castings, the best results are 
obtained by metal-arc welding using 
covered electrodes of the ENiFe type. 


The casting should be low in phos- 
phorus and alloy content and, pref- @. 
erably, welded i f : 


in the annealed con- 
dition. In common with other com- 
positions, ductile-iron castings must 
be adequately prepared for welding by ° 
removing dross, shrinks, sponginess 
and other defects, if optimum quality 


weldments are to be obtained. : 
Where distortion is not a problem, ee 
good results can be obtained by using 

the oxyacetylene welding process and 

a cerium-containing, ductile-iron filler 

rod. 


Ductile iron Flake-graphite gray iron 


G. R. PEASE is associated with the Research . : 
Laboratory of the International Nickel Co., Fig. 1—Microstructures of ductile and flake-graphite irons. X 100 


Inc., Bayonne, N. J. (Reduced one-third upon reproduction) 
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Table i—Range of Ductile-lron Compositions 


Composition, % 

Total 
carbon 
3.0-4.5 
2.5-3.0 


Sulfur 


0.01-0.03 
0.01-0.03 


Nickel 


0.0-2.0 
18.0-32.0 


Phosphorus 


0.02-0.15 
0.0-0.2 


Magnesium 


0.04-0.1 
0.04-0.1 


Silicon Chromium 
1.5-4.5 
1.5-6.0 


Manganese 


0.2-0.8 
0.4-1.8 


Type 
Low alloy ve 
0-5.5 


High alloy 





industry, both here and abroad. 

The term, ductile iron, will be 
used in this paper in preference to 
others, and will refer to the magne- 
sium-modified type, unless other- 
wise noted. 


Composition and Properties 


Like gray iron, ductile iron is not 
a single alloy but a family of alloys 


with a rather wide range of proper- 
ties. 'The common denominator is a 
metallographic structure consisting 
of spheroids of graphite dispersed in 
a matrix of iron with or without 
significant alloying additions. De- 
pending upon the amount and type 
of alloying addition and the prior 
heat treatment, the matrix may be 
ferritic, pearlitic, austenitic or mar- 


tensitic. 

Up to temperatures of the order 
of 1400-1600° F ductile iron be- 
haves very much like steel. At 
higher temperatures, where both the 
solubility and the solution rate of 
the graphite become substantial, 
the response is more deeply influ- 
enced by the presence of the graphite. 

Although a wide range of compo- 


sitions and structures is possible, 
most of the welding studies described 
in the literature have been made on 
irons which fall within the ranges of 
composition shown in Table 1. 

The various compositions of com- 
mercial interest have been classified 
by the ASTM, and others, according 
to their physical properties (Table 
2). According to most specifica- 
tions, the agreed-upon physical 
properties may be obtained by means 
of any suitable combination of com- 
position and heat treatment, at the 
option of the supplier. Figure 2 
has been drawn to show the average 
properties of ductile iron compared 
to those of other related composi- 
tions. 

Depending upon the composition, 
the as-cast elongation of ductile iron 
CAST STEEL usually falls within the range 2 20 
anweesad per cent. In most cases, the ductil- 

30¢ ity can be improved by a ferritize- 
annealing heat treatment consisting 
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Fig. 2—Mechanical properties of some cast products (unwelded) 
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Table 2—Types of Ductile lron—Classified According to Properties 


—Range of mechanical properties — 
Tensile Yield Elong-  Hard- 
strength, strength, ation, ness, 
psi psi q Bhn 
60-80,000 45-60,000 10-25 140-200 


Matrix 
structure 


Ferrite 


Applicable 

specifications 
ASTM A339-55 
MIL-I-11466 (ORD) 
MIL-I-17166 (ships) 
AMS No. 5315° 
ASTM A339-55 
MIL-I-11466 (ORD) 
AMS No. 5316 
ASTM A396-55T 
MIL-1-11466 (ORD) 


Remarks 


Good toughness and weld- 
ability 


80-60-03 80-100 ,000 60-75,000 Pearlite Responds to flame or induc- 


tion hardening 

100-70-03 100-120,000 70-90,000 Pearlite Alloyed or normalized and 
tempered to obtain prop- 
erties 

Usually quenched and tem- 
pered to obtain properties 

Contain 18-35), nickel and 
up to 5% chromium 

Contains up to 6%% silicon 
for maximum oxidation 
resistance. Usually not 


welded 


120-90-02 ASTM A396-55T 
MIL-1-11466 (ORD) 
MIL-I-18397 (Ships) 


AMS No. 5394 


120-150,000 90-125,000 Fine carbide dispersed 


in ferrite 


High alloy 54-74,000 32-38,000 Austenite 


Heat resistant 60-100,000 45-75,000 High-silicon ferrite 





® Requires 40,000 psi yield strength and 15% elongation, also specific chemical composition and metallurgical structure 
> Requires 15% minimum elongation 
© Requires 75,000 psi yield strength and 4% elongation 
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of the following: 


Hold 3 hrs at 1550-1650° F 
Furnace cool to 1275° F 

Hold 5 hrs at 1275° F 

Furnace cool, slowly, to 1100° F 
Air cool to ambient temperature 


By this treatment, both primary 
carbide and pearlite are transformed 
into spheroidal graphite and ferrite. 
Much of the welding which is re- 
ported in the literature has been 
done on material which has re- 
ceived this treatment, to which the 
term “‘ferritize-anneal’’ will apply 
throughout this report. 

Apparently, very little welding 
has been done on the high-strength 
irons, but some work has been done 
on selected compositions within 
the austenitic grade. 


Definition of Weldability 


The conclusions which are de- 
rived from an evaluation of weld- 
ability are tied not only to the 
method of evaluation and the test re- 
sults, but also to the definition of 
weldability, as it is fixed in the mind 
of the individual who formulates the 
conclusions. It is perhaps for this 
latter reason, as much as any other, 
that somewhat different viewpoints 
have been reached concerning the 
extent to which ductile iron can be 
satisfactorily welded. 

Some investigators‘ have taken 
the position that, for a material to 
be classed as satisfactorily weldable, 
it must be possible to produce joints 
having properties equivalent (or 
close) to those of the unwelded ma- 
terial. Others have taken the 
position that a material has satis- 
factory weldability if it is possible 
to produce joints which are adequate 
for the intended service. 


Ductile Iron vs. Gray Iron 

By some yardsticks, at least, ordi- 
nary flake-type gray iron has been 
classed as being satisfactorily weld- 
able by several different welding 
methods. It is also generally con- 
ceded that, because of its metallur- 
gically superior structure, ductile 
iron should be, and is, inherently 
easier to weld than gray iron. This 
state of affairs might lead one to the 
feeling that the welding of ductile 
iron should be rather straightfor- 
ward, without undue complications. 
But this is not necessarily so. 

One of the reasons that gray iron 
has been welded, with results that 
have been classed as satisfactory, is 
that relatively little is demanded, 
property-wise, of welds in gray iron. 
Most grades of gray iron are brittle 
and relatively weak. For those 
grades, at least, there is no need for 
ductile joints or high-strength weld 
deposits. Furthermore, for the 
usual application where gray iron is 
loaded in compression, defects in a 
welded joint will have considerably 
less effect on its performance, than 
the same defects in a joint which is 
loaded under less favorable condi- 
tions. 

Simply because ductile iron is a 
superior material, with more ex- 
pected of it, weaknesses which would 
not be important in a gray-iron 
joint may be intolerable in a duc- 
tile-iron joint. 


Ductile Iron vs. Cast Low-carbon Steel 
With respect to the mechanical 
properties which can be attained, 
ductile iron is often likened to cast 
low-carbon steel, and rightfully so, 
according to the values shown in 
Fig. 2. Asa valuable asset, ductile 
iron has superior founding qualities, 


which are well recognized and used 
to good advantage. Nevertheless, 
the point has been reached in mod- 
ern industry where the ultimate 
usefulness of an engineering alloy is 
also governed by its weldability. 

Any demonstration, then, of 
equivalence between ductile iron and 
cast steel, or any other metal, in 
fact, is incomplete without a dem- 
onstration that the welding re- 
sponse is also equivalent, or at least 
close enough to permit one to take 
advantage of its other useful prop- 
erties without incurring an undue 
penalty welding-wise. In some 
areas, at least, failure to demon- 
strate this equivalence, is recognized 
as a handicap in the full utilization 
of ductile iron. 


Methods of Measuring 
Weldability 


The following points have re- 
ceived most of the consideration by 
those who have attempted to eval- 
uate the weldability of ductile iron: 


Transverse strength and ductility 
of welded joints 

Preheat and postheat 
ments 

Resistance to weld hot cracking 

Resistance to fusion-zone or un- 
derbead cracking 

Hardness and microstructure of 
the weld and heat-affected zone 

Welding costs 


require- 


In many cases, the evaluation has 
been based on the making and test- 
ing of butt joints in cast-plate speci- 
mens of the order of '/.-inch thick. 
In so far as the hardness and 
strength properties are concerned, 
this approach has provided much 
useful data. However, in order to 
truly determine what degree of im 
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Fig. 3—Self-restraining test block for evaluating weldability 
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Fig. 4—Location of test specimens 
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munity from hot cracking can be 
expected, a test is required which is 
more searching. Thus, if a weld- 
ing engineer were required to satisfy 
himself that no cracking would occur 
in welding heavy sections of ductile 
iron, or in welding thinner sections 
which were subject to severe tri- 
axial stresses during welding, it 
would be unwise for him to take 
assurance from the results of a weld 
test on flat plates no more than '/, 
inch thick. 

Schumbacker and _ Schaeffler® 
were among the first to recognize 
this, publicly, at least, and proposed 
that the welding response of ductile 
iron (and gray iron, as well) be eval- 
uated by the use of a casting with 
sufficient mass to be essentially self- 
restraining. The design of their 
test specimen (Fig. 3,4) is such that 
an evaluation is possible not only of 
susceptibility to cracking in the weld 
metal, or in the heat-affected zone, 
but also of the hardness and trans- 
verse strength properties. 

Using an entirely different ap- 
proach, Hucke and Udin‘ attempted 
to evaluate the weldability of ductile 
iron by studying the microstructure 
of the heat-affected zone which, 
they felt, was the controlling factor 
in the production of satisfactory 
weldments. Since the level of heat 


input of all true fusion-welding 


methods was found to create net- 
works of primary carbide in the heat- 
affected zone, they saw little hope of 
a “completely satisfactory structural 
joining method.”’” However, others 
were quick to point out that, from 


PRIMARY 
CARBIDE 


GPAPHITE NODULE 
(PITTED OUT) 





EUTECTIC 


the practical viewpoint, there were 
many fusion-welding applications 
where the presence of carbide, or at 
least its thermal decomposition 
product, was not necessarily dam- 
aging. 


The Heat-affected Zone 


However appropriate or inappro- 
priate their ultimate conclusion may 
have been, Hucke and Udin very 
usefully singled out one of the most 
significant of the problems which 
confronts any one who hopes to ob- 
tain welded joints in ductile iron with 
properties which match those of un- 
welded material. The influence of 
the hard structures in the heat- 
affected zone is almost certain to be- 
come evident, regardless of how the 
physical properties are measured. 
By their presence, more than be- 
cause of any other single factor, is 
the welding response of ductile iron 
placed at a disadvantage, particu- 
larly as it is compared with the 
weldability of cast steel. 

A number of investigators have 
described these hard structures, 
which are present to some degree in 
the heat-affected zone of all fusion 
welds except those made in the auste- 
niticirons. Because of the inherently 
fast cooling rates, they are present 
to the greatest extent in welds made 
by the metal-are process. Figure 5 
shows an area which is perhaps typi- 
cal. The total width or depth of 
the hard zone varies somewhat, as 
might be expected, but is usually of 
the order of 0.03 in. to 0.10 in. The 
hardness in the as-welded condition 


AUSTENITE 


Fig. 5—Typical microstructure of the heat-affected zone in arc-welded ductile iron. 
X 1000. Picral etchant. (Reduced by one-thifd upon reproduction) 
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ranges from 300-700 VHN. In 
very small local areas, it may be 
even higher, but areas with hardness 
values of over 450 VHN, or so, con- 
stitute a relatively small percentage 
of the total. 

The structures are complex and 
usually consist of a mixture of mar- 
tensite, austenite, primary carbide 
and eutectic, surrounding partly dis- 
solved nodules of graphite. 

The mechanism by which these 
structures are formed seems to be 
well established. Under the in- 
fluence of heat from the arc and the 
molten weld metal, a narrow zone 
adjacent to the weld metal becomes 
heated to temperatures just above 
the eutectic temperature. In reach- 
ing this temperature, the matrix is 
first austenitized and then rapidly 
begins to dissolve the nodules of 
graphite. This results in a carbon- 
rich austenite and small pools of 
carbon-rich liquid. Then, as the 
weld metal and the heat-affected 
zone are rapidly cooled, under the 
influence of the large mass of cold 
metal just beyond the peak-tempera- 
ture zone, the carbon-rich austenite 
transforms partially or wholly to 
martensite and the liquid freezes 
as a mixture of eutectic and primary 
carbide. These events must, and 
do, occur in a matter of very few 
seconds, perhaps even a fraction of 
a second. 


Effect of Annealing 

By suitable postheat treatment, 
these hard structures can be softened 
but no one, to date, has contrived a 
heat treatment which will restore 
full ductility. A conventional an- 
nealing treatment in the range 
1000--1200° F is sufficient to trans- 
form the martensite to softer struc- 
tures and still higher temperatures 
will completely ferritize the acicular 
structures. 

The full ferritizing anneal will 
likewise soften the areas of primary 
carbide but, as it decomposes, the 
carbon is rejected as extremely 
small particles of graphite, fre- 
quently arrayed in a chain-like 
pattern which impairs the ductility. 
In a fully ferritized joint, where, for 
instance, the elongation of the base 
metal might be of the order of 
15-20 percent, the elongation values 
across a welded joint will seldom 
exceed 5-10 percent. The impact 
strength and bend angle are like- 
wise not fully restored. 


Effect of Casting Structure 

With respect to the maximum 
hardness attained in the heat- 
affected zone, it appears to make 
relatively little difference whether 
the original matrix structure is 
ferritic or pearlitic. However, the 





total width of the heat-affected zone 
is greater in the case of the pearlitic 
iron, so that the gross effect is more 
evident when a pearlitic iron is 
welded than when a ferritic iron is 
welded. 

The amount of eutectic melting 
and, therefore, the amount of pri- 
mary carbide which is formed, is 
probably about the same in either 
case, but the pearlitic matrix is 
more readily converted to carbon- 
rich austenite and thereby becomes 
a more potent source of martensite. 
Since it is during this transforma- 
tion to martensite that underbead 
cracking is likely to occur, trouble 
of this type is more probable in the 
pearlitic grade than in the ferritic 
grade. This behavior is normal, if 
the matrices of the two irons are 
thought of as low-carbon, ferritic 
steel and high-carbon pearlitic steel, 
respectively. 

The heat-affected zone of the 
austenitic grades is, for all practical 
purposes, free of hard structures. 


Effect of Casting Composition 

From the standpoint of the over- 
all welding response of ductile iron, 
its metallographic structure is 
probably more important than its 
composition. However, a few com- 
positional factors are sufficiently 
important to require special men- 
tion. 

Sulfur is not usually a problem 
because it is automatically reduced 
to levels of the order of 0.02 percent 
or less, if sufficient magnesium has 
been added to spheroidize the gra- 
phite. Phosphorus can lead to hot- 
cracking difficulties, by dilution 
into the weld metal, if present in 
excessive amounts. Kihlgren and 
Waugh’ suggest a maximum limita- 
tion of 0.10 percent if the welding is 
to be done with nickel-iron elec- 
trodes or 0.05 percent if the welding 
is to be done with steel electrodes. 
Riley and Dodd" had poor results 
when they attempted to metal-arc 
weld irons containing 0.05—0.10 per- 
cent phosphorus. Most of the irons 
which have been investigated, had 
phosphorus levels in the range 
0.02-0.05 percent. 

Several investigators note the 
desirability of keeping the total 
amount of alloying elements, par- 
ticularly manganese and nickel at 
low levels, in the interest of 
minimizing the hardenability of 
matrix. No fixed maximum is spec- 
ified but the best results appear to 
be attainable when the combined 
total of manganese and nickel is 
less then 1 percent. Molybdenum, 
if present, should also be included in 
this total. 

In the case of the austenitic irons, 


too little is known to define the 
composition limits for optimum 
weldability. Sohn and co-workers’ 
were able to satisfactorily join the 
following composition to stainless 
steel, meeting aircraft standards, 
but their investigation did not go 
beyond these limits: 

Carbon, %.. 2.6-3.2 
Manganese, “% 9-2.5 
Silicon, % ‘ 3.0 
Nickel, % 20 .0-25 .0 


Casting Defects 


In evaluating the weldability of 
any given composition or individual 
casting, care must be exercised that 
underbead-cracking difficulties are 
properly assessed. ‘There have been 
instances where poor welding results 
on certain of the austenitic grades, 
particularly, have led to the con- 
clusion that the composition was not 
weldable when, in reality, the trou- 
ble was wholly due to dross inclu- 
sions. Spongy, or poorly fed areas 
can likewise be a source of difficulty. 
Unless any casting which is being 
welded is metallurgically sound, 
whether it be ductile iron or some- 
thing else, a poor weldment is almost 
certain to be the result. 

The detection of these defects is 
not always easily accomplished. 
However, in critical parts or where 
pressure tightness is required, any 
effort spent in this direction may 
very well be worth the effort. In 
one case, for instance, which has 
come to the author’s attention, a 
rather large casting was scrapped, on 
the basis of a radiographic examina- 
tion, with a saving of what could 
have been a large and wasteful 
expenditure of welding time. The 
casting was found to be so hopelessly 
unsound that there was no hope of 
salvaging it by welding. 

In some cases, an experienced 
welder can detect sponginess by the 
manner in which the base metal 
“collapses” when exposed to the 
welding arc. In such cases, it is 
important to stop welding and 
grind or chip to sound metal. 

Castings which have become im- 
pregnated with oil should be pre- 
heated, at least locally, to 900 
1000° F for a few minutes. Failure 
to do so will result in extremely 
porous weld deposits, particularly 
in the case of metal-arc welds. 


Properties of Welded Joints 


Up to this point, attention has 


reen focused on the weld heat- 
affected zone and the extent to 
which it influences the properties of 
the welded joint. Although these 
considerations may, in many cases 
at least, be of overriding im- 
portance, the method of welding 





Table 3—Conditions Under Which 
Joints Have Been Made 


Filler wire 


Nickel and _high- 
nickel alloys 

60 nickel-40 iron 

Ferritic steel 

Austenitic steel 

Copper-base alloys 

Ductile iron 

Copper-base alloys 

Ductile iron 

60 nickel-40 iron 

Ductile iron 

60 nickel-40 iron 


Welding method 


Metal arc (covered 
electrodes) 


Oxyacetylene 


Carbon arc 
Inert gas, 
tungsten arc 
Inert gas, consum- 
able electrode 
Submerged arc 60 nickel-40 iron 


Austenitic steel 





Fig. 6—Ductile-iron clevis cap welded to 
carbon-steel tube with ENiFe electrode. 
(Shown about one-sixth actual size) 


Fig. 7—Ductile-iron shake-out 
table, welded with ENiFe electrode 


and the nature of the filler metal 
are likewise important. The liter- 
ature describes the properties of 
joints which have been made under 
a wide variety of conditions, in- 
cluding those given in Table 3. 

The results have been as varied 
as the methods of welding. 


Metal-arc Welding—Nickel-iron 
Electrodes 

The greatest part of the test work, 
and a substantial amount of actual 
fabrication, has been done using 
nickel-iron electrodes which con- 
form to AWS Specification A5.15 
56T (ASTM A398-56T), under the 
designation ENiFe. Of the several 
families of covered electrodes which 
have been evaluated, this type 
appears to have given the best 
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Table 4—Transverse Joint Properties—ENiFe Electrode 


Type 
Ferritic 
(60-45-10) 


Pearlitic 
(80-60-03) 


Plate 
condition 
Unwelded 
As-welded 
Annealed: 

Ferritize 

annealed 

Unwelded 
As-welded 
Annealed*® 


Tensile 
strength, psi 
68 ,500-72 ,500 
51, 000-68 , 500 
54 000-72 ,000 
61, 000-68 ,000 


98 ,500 
66 , 000-82 ,000 
63, 000-71 ,000 
57 ,000-65 , 000 


Yield strength 
0.2% otfset, psi 


47 ,500-57 ,000 
40 ,000-57 ,000 
37 ,000-57 ,000 
39 ,000-52 ,000 


86 ,000 
71,000-76 ,000 
68 ,000 
49 000-51 ,000 


Elong- 
ation, 
% 
10-18 
1-9 
5-14 
6-12 


3 
1-2 
1-2 
6-12 


Reduction 
area 
% 
11-18 
5-28 
3-5 


Nil 
+4 
2-6 
7-15 


Weld 


hardness, 


Bhn 


205-250 
185-235 
175-180 


190-225 
175-205 
175-180 


Maxi- 
mum 
hard- 
ness— 
Heat- 
affected 
zone, 
VHN 


665 
420 
175 


535 
555 
185 


Bend 
angle, 
deg 
78-80 
14-28 
18-38 
40-45 


5-10 
14-15 


33-36 


Un- 
notched 
Charpy 
impact 
strength, 
ft-Ib 
101 
14-20 
28-36 
33-36 


10-11 
13 
ll 
36-40 


Ferritize 
annealed 





@ 1100-1200° F, for various times 


hardness values are relatively un- 

affected. 
According to Hucke and Udin,‘ 
Un- preheats above 600° F increase the 
notched amount of primary carbide and the 
pares depth of the heat-affected zone. 
strength, Up to that temperature, there was 
no significant effect on the micro- 





Table 5—Ali-weld-metal Properties—ENiFe Electrodes 


Hard- 
Yield strength Elongation, ness, 


Condition psi 0.2% offset, psi % Bhn ft-lb arn een 
-welded 7 ,600-84 ,000 43 ,000-63 ,000 6-13 180 72-78 ' 
——— — Postheat Treatment. Postweld an- 


Annealed we “90 wes 200 101 ; 
Ferritize- 65, 200-72, 500" 45 ,000-52 , 000 8-19 neals have very little effect on 
annealed 79,000 61, 000-67 ,000° 6-10° 200° either the hardness, strength or 
ductility of the deposited metal but, 
as mentioned earlier, a ferritize- 
anneal is necessary, after welding, to 
decompose the hard structures in 
the heat-affected zone. 


Tensile strength, 





@ Annealed 4 hr <t 1650° F—furnace cooled 


> Full ferritize-annealed 





Table 6—Transverse Joint Properties—E-7016 Electrodes 


Postweid Tensile Yield strength  Elong- Reduction 
heat strength, 0.2% offset, ation, area 
treatment psi psi % % 
1000° F, 4 hr 64, 000 45,000 10 9 
1200° F, 1 hr 69,000 47,500 8 18 
1200° F, 2 hr 50,500 40 ,500 5 27 


Metal-arc Welding—Nickel Electrodes 
Except when used with very 
high preheats (i.e., 1000° F), the 
ENi type of electrode(AWS Speci- 
fication A5.15-56T) appears to be 
poorly suited for the welding of 


Location 
of fracture 
Interface 
Iron 
Iron 


1200° F, 4 hr 62,500 


45 ,000 


g 16 Interface 





results, from the standpoint of both 
optimum properties and consistency 
of performance. The range of 
properties shown in Table 4 have 
been condensed from the published 
data encompassing the results of 
several different investigations.*.*.*~ 

Even with this electrode, which 
seems to be the best, there is a 
disturbing amount of scatter in the 
reported values, for both strength 
and ductility. The greatest varia- 
tion is noticeable in comparing the 
results obtained by different in- 
vestigators but individual investi- 
gators noted nearly as much. 

No means has yet been proposed 
for narrowing this scatter. How- 
ever, considering the range of 
strength values shown for all-weld- 
metal samples of filler metal (Table 
5) and the range of casting compo- 
sitions which is possible and, further, 
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considering the possible effects of 
the complex heat-affected zone, it 
is perhaps not surprising that this 
scatter exists. But this is of no 
help to the design engineer, who 
wants the assurance of more repro- 
ducible results. The need is clearly 
indicated for more work along these 
lines. 

Preheat. Using the test block 
shown in Figs. 3 and 4, Schumbacker 
and Schaeffler’ established the need 
for a minimum preheat of 250- 
350° F, for the 60-45-10 grade of 
iron welded with ENiFe electrodes. 
Kihlgren and Waugh’ suggest that 
a preheat temperature up to 600° F 
may be desirable where unusually 
high welding stresses are anticipated. 
In either case, the effect of the pre- 
heat is to minimize the possibility 
of cracking in the heat-affected zone 
or in the weld. Strength and 


ductile iron. Compared with the 
results obtained with the ENiFe 
type of electrode, there is a sub- 
stantially greater tendency toward 
weld-metal cracking. 


Metal-arc Welding—Ferritic-steel 
Electrodes 

Only brief mention is made in the 
literature of welding experience on 
ductile iron using ferritic-steel 
electrodes. What happens is rather 
clear, however. When as little as 
20-25 percent of base metal is 
diluted into the weld deposit it 
becomes and behaves like a high- 
carbon steel. Consistent with the 
practice observed in the welding of 
high-hardenability steels, the pre- 
ferred steel electrodes are those of 
the EXX15 or EXX16 (low-hydro- 
gen) type. 

All of the problems associated 
with welds made with ENiFe elec- 
trodes are present in welds made 
with steel electrodes. In addition, 
the as-deposited weld metal is 
vulnerable to the difficulties associ- 








Table 7—Properties of Oxyacetylene Welds—Ductile-iron Filler Rod (Annealed, Ferritic D.1. Plates) 


Maximum 

hard- 

Yield ness— 

strength Elong- Weld heat- 
Tensile 0.2% ation hardness, affected 
strength, psi offset, psi in2in., % Bhn 


Unnotched 
Charpy 
impact 

strength, 
zone Bhn ft-lb 


Postweld heat 
treatment 
Transverse joints 
Annealed (1000° Fy 


Location of fracture 


Weld and fusion zone 


51, 000-56 ,000 l 210 305 


Annealed (1650° F)° 
Full ferritize annealed 


41,500-69, 000 
49 000-64 ,000 


All-weld-metal 
As-welded 


Annealed (1100° F): 
Annealed (1600° F)< 


67 ,000 
76,900 
66 , 200 


45 ,000-53, 000 1-6 


Weld and base metal 





a 1000° F/2 hr—furnace cooled 
> 1650° F/4 hr—furnace cooled 
C Time unspecified. 


ated with the austenite-martensite 
transformation which occurs on 
cooling. Unless special precautions 
are taken, both the weld itself and 
the heat-affected zone are likely to 
develop cracks. 

On the other hand, if the section 
being welded is relatively thin and 
the iron is in the ferritize-annealed 
condition, or if high preheats and 
postheats are possible, reasonably 
strong and ductile welds can be 
made. Sohn and co-workers,’ for 
instance, report the values shown in 
Table 6 for welds made in '/, inch 
thick ferritic iron using E-7016 
electrode. Kihlgren and Waugh’ 
obtained approximately the same 
properties on '/, inch thick plates 
using E-6015 electrode, but a 600° F 
preheat was necessary, in the latter 
instance, to insure freedom from 
cracking. 

Cost-wise, of course, the ferritic 
type of electrode is much more 
attractive than the nickel-iron type, 
but this must be weighed against 
its relative disadvantages. 


Other Metal-arc Welding Electrodes 

Austenitic stainless-steel  elec- 
trodes appear t. be poorly suited to 
the welding of ductile iron because 
of a strong tendency toward fusion- 
zone cracking. The probable ex- 
planation is that the austenitic 
weld metal, because of its compara- 
tively high hot strength and greater 
coefficient of thermal expansion(and 
contraction) creates high shrinkage 
stresses in the heat-affected zone, 
at a point in the time-temperature 
cycle where the relative weakness 
of the iron puts it at a considerable 
disadvantage. 

Schumbacker and Schaeffler® re- 
port that promising results were 
obtained with an electrode of the 
E-4N1A type (15 Cr-70 Ni + Mo + 
Cb), but experience in the author’s 
Laboratory has suggested that it is 
not as satisfactory as electrodes of 


the ENiFe type. It is more satis- 
factory than the stainless-steel type, 
however, probably because its co- 
efficient of expansion is closer to that 
of the iron than is the expansion 
coefficient of stainless steel. 

A few attempts have been made 
to demonstrate a useful response 
using various copper-base electrodes 
but the results have been generally 
poor. The major difficulty appears 
to be an inability to effect a good 
metallurgical bond between the 
iron and the weld metal. Fusion- 
zone cracking and other defects are 
likely to be present but, even if a 
bond is achieved, the joint is weak. 


Oxyacetylene Welding—Ductile-iron 
Filler Rod 


Test results have been reported 
for oxyacetylene welds made with 
both magnesium-bearing and 
cerium-bearing filler rods. Both 
types are capable of depositing 
weld metal with a spheroidal gra- 
phite structure, provided the addi- 
tion is sufficient to compensate for 
losses incurred during the welding 
operation. These are variable, but 
may be of the order of 50—70 percent. 

Up to now, at least, a preference 
seems to have been created for the 
cerium-bearing type which appears 
to be more immune, than the 
magnesium-bearing type, to poros- 
ity troubles. Unless it is well 
fluxed, the scum of magnesium 
oxide which forms during weld- 
ing can likewise be a source of 
trouble, when using magnesium- 
bearing filler rod. Very recently, 
a magnesium-bearing filler rod con- 
taining 5 percent nickel has been 
proposed, in which the porosity 
difficulties are claimed to have been 
eliminated, but comparatively little 
experience has been gained to date. ** 

As might be expected from the 
very nature of the welding opera- 
tion, smaller amounts of the hard 


constituents are formed in _ the 
heat-affected zone of oxyacetylene 
welds than in the heat-affected zone 
of metal-arc welds. Although the 
peak temperatures may be of the 
same order of magnitude, the cooling 
rate is very substantially less in the 
oxyacetylene process. The result- 
ing microstructures reflect this 
difference. Nevertheless, sufficient 
primary carbide and acicular struc- 
tures are likely to be present to 
create hardness levels in excess of 
300 Bhn, in both the heat-affected 
zone and the weld deposit. The 
usual practice is to retard the 
cooling rate of the welded structure 
by suitable insulation or by other 
means. At best, however, an an- 
neal at 1600° F is usually necessary 
to ferritize the structure completely 
Deposits made with the 5 percent 
nickel-containing rod are claimed to 
be less prone to contain primary 
carbide than are nickel-free deposits. 


In Table 7 is shown a summary of 
the properties of oxyacetylene welds 
as recorded by several investi- 
gators.* -1!2 Like the results ob- 
tained with ENiFe electrodes (Table 
4), these results are characterized 
by considerable variation in the 
strength and ductility values, and 
in no case is a level of joint ductility 
obtained which matches that of the 
base metal. 


Because of the lesser amount of 
hard structure which is formed, the 
oxyacetylene process may be the 
preferred choice over metal-arc weld- 
ing, in some instances. Casting 
defects in raw castings, for instance, 
are sometimes welded in this manner. 
In other instances, where the mas- 
sive heat pattern of the oxyacetylene 
process and the resulting distortion 
could be troublesome, as in finished 
or semifinished parts, the metal-arc 
process is preferred, in spite of the 
somewhat higher hardness levels in 
the heat-affected zone. 
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Table 8—Transverse Joint Properties—Carbon-arc Welded with D.I. Filler Rod 


Tensile 
strength, psi 


Postweld heat treatment 
1650° F/4 hr—Furnace cool 
Full ferritize anneal 


53, 000-64 , 000 
63, 000-72 ,000 


Elongation 
in2in., % 


Yield strength 
0.2% offset, psi 


3-13.5 


48 ,000-52 ,000 








Table 9—Transverse Joint Properties—inert-gas-shielded Tungsten-arc Welded 


Postweld 


Filler metal heat treatment 


Ductile iron None 


1100° F/2 hr—Furnace Cool 
1650° F/4 hr—Furnace Cool 


Fuil ferritize anneal 
None 
Full ferritize anneal 


Nickel-iron (60-40) 


Tensile Elong- 
strength, Yield strength ation, 
psi 0.2% offset, psi % 


55,900 sss 8. 

54,000 ac 5. 
58,000-61,000 45,000-56,000 4.-6. 
45 000-49 ,000 oad ane 
62 ,000-67 ,000 es 1.-7. 

61,000 “we 8. 








Table 10—Transverse Joint Properties— 
Inert-gas-shielded Metal-arc Welded 
with 60-40 Ni-Fe Filler Wire 


Yield 
strength Elong- 
0.2% ation 


Postweld 
Pre- heat Tensile 
heat treat- strength, offset, in2 
F ment psi psi in., % 


600 Full 55,000 44,000 6 
ferritize 
anneal 
1000 None 62,500 
Full 63,000 
ferritize 
anneal 


45 ,000 
42,000 





Oxyacetylene Braze Welding—Copper- 
base Filler Rod 

A few investigators have con- 
sidered the possibility of braze 
welding with copper-base alloys, 
using the oxyacetylene process but, 
contrasted with some rather good 
experience with tightly fitting 
brazed joints, the results obtained 
by braze welding have been rather 
consistently poor. As in the case of 
metal-arc welds made with copper- 
base covered electrodes, the joint is 
likely to be weak at the line of 
fusion. 


Carbon-arc Welding 

A limited amount of data* ” is 
available covering the properties of 
joints made by the carbon-arc 
process, using ductile-iron filler rods. 
In the USA, at least, the carbon- 
arc welding method is becoming 
outmoded and few shops are geared 
to its use; however, where these 
limitations do not apply, the test 
results indicate that this method 
can be considered a satisfactory 
alternate to the oxyacetylene 
method. Test joints have been 
somewhat stronger, on the average 
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Table 8), than corresponding joints 

made by the oxyacetylene and 
possibly a little more ductile after 
a ferritizing anneal, but no escape 
is possible from the hard heat- 
affected zone by using this welding 
method. A preheat of the order of 
1000° F appears to be required. 


Inert-gas-shielded Tungsten-arc 
Welding 

Test joints with reasonably 
attractive strength properties have 
been prepared**” using the 
inert-gas-shielded tungsten-arc proc- 
ess with either nickel-iron or duc- 
tile-iron filler rods (Table 9). How- 
ever, neither the strength nor the 
ductility is any better, nor is the 
hardness of the heat-affected zone 
any lower, than what is attainable 
with other, less expensive welding 
methods. Since no particular ad- 
vantage can be demonstrated, it is 
unlikely that this process will find 
much application, outside of per- 
haps a few special situations where 
the relative cost is secondary to 
some particular convenience. 


Inert-gas-shielded 
Consumable-electrode Welding 

Using a 1000° F preheat, and a 
full ferritize-annealing postheat 
treatment, Kihlgren and Waugh‘ 
obtained joint properties which 
almost match those specified for the 
60-45-10 grade of ductile iron, by 
welding with a 60-40 nickel-iron 
filler wire and the inert-gas-shielded 
consumable-electrode process (Table 
10). At this level, the results are 
about equal to the best results 
obtained by metal-arc welding with 
the ENiFe type of covered electrode. 
Sohn and co-workers were less 
successful when they attempted to 
weld an austenitic iron to 18-8 
stainless steel, using the gas metal- 
arc process. 


In either event the data are very 
limited. More work needs to be 
done to determine the amount of 
scatter in the test results and the 
degree of freedom from cracking, 
under conditions of heavy restraint. 
As in the case of the other arc- 
welding methods, a preheat is 
required to prevent cracking and 
postheat treatments are necessary 
to soften the hard heat-affected 
zone. 


Submerged-arc Welding 

Relatively little exploration has 
been attempted of the merits of the 
submerged-arc process. Under a 
very limited set of conditions, 
Type “310” (25-20 Cr-Ni) stainless- 
steel filler wire was used’ to join a 
ferritic iron to mild steel, with 
promising results. However, in this 
work, and in other unreported 
work, other filler wires kave been 
found to be excessively crack sen- 
sitive. The need is indicated for 
more work in this area, although no 
more relief can be expected with this 
method, than with other arc-welding 
methods, from the creation of a 
hard heat-affected zone. 


Dissimilar-metal Joints 


There is rather broad agreement 
that, when welding ductile iron to 
some dissimilar metal, the best 
results are obtained using a covered 
electrode of the ENiFe type. Strong 
crack-free joints have been prepared 
between ductile iron and a number 
of other alloys including mild steel, 
stainless steel, Monel, nickel and 
Inconel, with this electrode. The 
hard zone persists, of course, in the 
ductile-iron side of the joint, but 
the over-all joint ductility is a little 
improved because the hard struc- 
tures are limited to the one side. 

Of the several possible dissimilar- 
metal joints, the one between duc- 
tile iron and mild steel is the one 
most likely to be encountered. The 
results in the shop, as well as in the 
laboratory, have been generally 
satisfactory with the ENiFe elec- 
trode. 


Typical Applications 


Figure 6 shows a typical small 
part which was metal-arc welded 
using the ENiFe type of electrode, 
with very satisfactory results and 
Fig. 7 shows a much larger weldment, 
a foundry shake-out table, which 
has also given a good account of 
itself. In the latter case, ductile 
iron was joined to itself as well as 
to mild steel. 

Because of its size, the shake-out 
table could not be annealed after 
welding and presumably, contains 
hard microstructures in the various 





heat-affected zones. In this par- 
ticular case, however, and in others 
like it, where neither ductile joints 
nor full machinability are required, 
the hard zone is unimportant. 
In each application, a_ realistic 
appraisal should be made of the 
feasibility of welding on the basis 
of the performance which is ex- 
pected. 


Future Work 


To improve the welding response 
of ductile iron to the point where 
welded joints can be readily and 
economically produced which have 
properties equivalent to those of 
unwelded castings, research effort 
should be expended along the fol- 
lowing lines: 

1. Modification of the composi- 
tion of the base metal such that, 
when eutectic melting occurs in the 
heat-affected zone, primary carbide 
is not formed on rapid cooling. 

2. Development of welding (or 
braze welding) procedures in which 
the maximum temperature reached 
in the heat-affected zone is less than 
its eutectic temperature, or in which 
the time at peak temperature is so 
short that there is no _ eutectic 
melting in the heat-affected zone. 

3. Improvement of the existing 
ENiFe type of covered electrodes, 
so that the all-weld-metal properties 
consistently match those of the 
60-45-10 grade of ductile iron. 

4. Development of a satisfactory 
filler metal with strength properties 
which match those of the high 
strength, pearlitic grades of ductile 
iron. 

5. Development of better, low- 
cost (and preferably ferritic) arc- 
deposited filler metals to be de- 
posited by one or all of the following 
methods: 


(a) Covered-electrode welding. 

(6) Submerged-arc welding. 

(c) Inert-gas-shielded consum- 
able-electrode welding. 


A number of efforts are already 
under way, which are aimed in the 
direction of one or more of these 
objectives but there is room for 
more. One of the most formidable 
tasks is the repression of the reaction 
by which primary carbide is formed 
from molten iron under conditions 
of extremely rapid cooling. What 


is required is either (a) a graphi- 
tizer which is very much more 
potent than silicon or (b) the 
development of an economical weld- 
ing method with a time-tempera- 
ture cycle which prevents this 
reaction. To a degree, this is 
possible by oxyacetylene welding 
but this method has other limita- 
tions which limit its usefulness. 

At best, one is likely to encounter 
acicular products, resulting from 
the transformation of austenite, 
but these can be coped with, as 
they already are being coped with 
in the case of high-carbon steels, by 
the use of preheats and subcritical 
postwelding heat treatments. The 
primary carbide problem is the 
difficult one. 

The approach which has_ been 
suggested by Hucke and Udin‘ of 
using a low-melting-point filler wire 
has merit but, unfortunately, most 
of the low-melting-point alloys have 
inherently poor strength and/or 
bond poorly to iron. If these limi- 
tations can be overcome, a satis- 
factory solution may be found in 
this area, but the prospects are not 
good at the moment. 

Flash welding and _ solid-phase 
welding techniques may ultimately 
be found to have limited areas 
of application but, to date, nothing 
of a commercially practicable nature 
has been disclosed in this direction. 

With respect to an improved 
ENiFe type of electrode, what 
appears to be needed, among other 
things perhaps, is a deposited weld- 
metal structure with a better dis- 
persion of graphite. In many cases, 
a fine, chain-like pattern of graphite 
particles is obtained, which is likely 
to have a weakening effect on the 
weld deposit. Progress has recently 
been made in this direction but not 
enough useful data has been com- 
piled to weigh its significance. 

Within the last year or two a 
committee has been organized, 
jointly, by the AMERICAN WELDING 
Society and the American Foundry- 
men’s Society, one of the objects 
of which is to explore the welding 
response of ductile iron more 
thoroughly and systematically than 
has been done in the past. The 
findings of this committee, when 
they become available, should be 
very helpful in further pointing 


to the areas where more effort is 
required. 
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Plastic Properties of Aluminum-Magnesium Weldments 


The effect of welding variables on the relative toughness, elongation, hardness. 
strain and peak temperature distributions is investigated 
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WILLIAM G. MOFFATT AND CLYDE M. ADAMS, JR. 


synopsis. A detailed study has been 
made of the plastic behavior of welded, 
aluminum-rich, solid-solution-type, 
aluminum-magnesium alloys,  sub- 
jected to transverse tension. The pri- 
mary objective was to determine the 
effects of such variables as weld energy 
input, initial degree of cold work, and 
the combinations of filler wire and 
plate alloy on the hardness and strain 
distributions, strength and toughness 
of the weldments. 

All tests involved '/.-inch thick plate 
with a modified-double-U-groove weld 
symmetrical about the midplane of the 
plate, welded with the _  inert-gas- 
shielded consumable-electrode process. 
In this initial study, plate and filler of 
commercially available compositions 
were investigated. Alloys 5356 
(5.50% Mg), 5086 (4.45% Mg), and 
5154 (3.85% Mg) were welded using 
5356 and 5154 as fillers. Each alloy 
was welded in two or more tempers 
(degrees of work hardening), and at 
three different levels of energy input. 

The toughness of a weldment was 
found to depend systematically on the 
hardness difference prevailing between 
the heat-affected zone and base plate, 
the width of the heat-affected zone (a 
function of weld-energy input and re- 
crystallization temperature), and the 
relative magnesium content of its 
fusion zone and base plate. Tough- 
ness was favored by the use of filler 
materials containing substantially more 
magnesium than the plates being 
welded. 

In general, the plasticities of various 
regions of a weld were found to be 
structure-sensitive, so that strain and 
hardness distributions were not simply 
related. 
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Introduction 


In the search for wrought aluminum 
alloys which combine strength with 
ductility in the fusion-welded condi- 
tion, considerable interest has cen- 
tered recently upon alloys containing 
2.5 to 5.5% magnesium. These 
alloys derive much of their strength 
from magnesium in solid solution, 
are usually strengthened further 
with cold work, and promise to 
fill the need for moderately strong, 
tough, aluminum weldments that 
cannot be heat treated after welding. 

However, in view of the newness 
and multiplicity of the 5000 series 
alloys, there has developed a need 
for fundamental information con- 
cerning details of their mechanical 
behavior in the welded condition. 
Of particular interest are the effects 
of such variables as the amount of 
prior cold work, magnesium con- 
centrations in plate and filler, and 
welding conditions on the capacity 
of welded joints to absorb deforma- 
tion energy. Accordingly, a sys- 
tematic study of these factors has 
been initiated under Army Ordnance 
sponsorship through Frankford 
Arsenal, and this paper is based on 
results of the first year’s work. 

Some studies of plastic properties 
in weldments of aluminum-rich, 
aluminum-magnesium, solid solution 
alloys have been reported by Ap- 
blett, et al.,| * in which tests were 
performed at tensile and ballistic 
strain rates. Although several plate 
and filler materials were studied, 
systematic variation of welding 
conditions was not included in the 
investigation, other than as required 
to produce a sound weld. Varia- 
tions in weld energy input and 
filler composition can influence not 
only the width of the heat-affected 
zone, but the size, shape and hard- 


ness of the fusion zone,* and, there- 
fore the over-all toughness of the 
weldment. A primary objective of 
this research has been to determine 
the dependence of relative tough- 
ness, as determined by areas under 
stress-strain curves, on the above 
variables. Observations have also 
been made on the influence of 
welding variables on elongation, 
hardness, strain, and peak tempera- 
ture distributions. 

Apblett, et al.,! found some cor- 
relation between plasticity deter- 
mined at ballistic strain rates and 
strain distribution in tensile testing. 
The present program has been 
planned to embrace tensile strain 
rates varying from 0.025 to 10,000 
min~', although most of the initial 
work has been carried out at low 
rates of strain. 


Experimental Procedure 


All welds were made on '/;-in. 
thick aluminum-alloy plate using 
automatic inert-gas-shielded metal- 
arc (consumable-electrode) welding 
equipment with reverse-polarity di- 
rect current. 

A brief preliminary investigation 
was made to establish welding 
conditions consistent with the de- 
sired penetration and freedom 
from porosity. The most critical 
variable encountered was that of 
joint preparation; by no circum- 
stance could porosity be completely 
eliminated using conventional 
double-Vee grooves. A modified 
double-U preparation was eventually 
selected, in which the groove had a 
uniform 0.25 in. radius, the land 
was 0.25 in., and there was no 
root opening. Under these circum- 
stances, since the arc length was 
less than 0.25 in., the shortest 
metal-to-electrode distance was ver- 





tical, the arc very stable and pene- 
tration uniform and relatively deep. 

For the entire range of energy 
input and travel speed studied, a 
70 deg forehand angle, and helium 
flow rate of 60 cfh, was found to 
give an adequate gas-flow pattern. 

All test welds were performed 
using 275 amp, 31 v and travel 
speeds from 16 to 50 ipm. These 
conditions correspond with those 
for aluminum weldments as deter- 
mined by Needham and Smith‘ 
who found an 80 deg forehand angle, 
135-300 amp, 22 v and a helium 
flow rate of 80 cfh to be optimum 
for '/is-in. diam wire, except that 
in the present investigation, longer 
(higher voltage) arcs have been 
used to achieve deeper penetration 
for a given wire burn-off rate. 

Both argon and helium were 
investigated, and both gave ac- 
ceptable weldments, except that 
helium accorded deeper penetration. 
Using the joint configuration de- 
scribed, and helium as the inert 
gas, penetration was always greater 
than '/, in. and less than '/, in., 
with a wide range of energy inputs 
(10,000 to 30,000 joules/in./pass), 
and there was little or no porosity 
(Fig. 1). 

To gain fundamental thermal 
information relating to plasticity as 
influenced by welding, and to deter- 
mine a proper gage length for subse- 
pre- 


quent tensile specimens, a 
liminary study was undertaken to 
relate the width and hardness of the 
heat-affected zone to weld energy 


input. Hardness-vs.-temperature 
recrystallization curves of all alu- 
minum-magnesium alloys on hand 
were determined by heating samples 
of each alloy to various tempera- 
tures for 15 min, water quenching, 
and taking hardness impressions. 


The data thus obtained provided 
the minimum temperature which 
would yield a given degree of 
softening (Fig. 19). Softening tem- 
peratures, used in conjunction with 
thermal calculations’, indicated that 
the heat-affected zones would not ex- 
ceed 3 1/,in.; therefore, a 4-in. gage 
length was used in all transverse 
tensile testing. To substantiate the 
heat-conduction relationships, some 
experimental determinations of 
peak-temperature distribution were 
made using temperature-sensitive 
lacquers.° 

Various aluminum-magnesium al- 
loy plates and wires ‘were obtained, 
and different plate-wire combina- 
tions were welded at three energy 
inputs for all available plate tempers 
(see Table 1). Each weldment 
was produced by butt-welding two 
pieces of 4-in. wide, 6-in. long plate 
with 2-, 4- or 8- pass welds, de- 
pending upon the energy input 
desired. All welds were produced 
by clamping the pieces to be welded, 
along with runoff tabs, to a moving 
carriage which passed under a 
fixed-position welding gun delivering 

, in. wire. Alternate passes were 
deposited on opposite sides of the 
plate to minimize distortion. Volt- 
age and amperage were kept con- 
stant during all runs; energy input 
was varied by changing the car- 
riage speed. Two-pass welds were 
made at 16 ipm, 4-pass welds, at 32 
ipm, and 8-pass welds at approx- 
imately 50 ipm. Consequently en- 
ergy inputs of 30,000, 15,000 and 
10,000 joules/in./pass would cor- 
respond to 2-, 4- and 8- pass welds, 
respectively. 

After welding, the cratered ends 
of the weldment were cut off and 
discarded. The remaining weld- 
ment was machined to produce 


(a) Reinforced welds (b) Finished welds 


Fig. 1—Prints made from typical radio- 
graphs of welded specimens 


flat and reinforced transverse tensile 
specimens with 1l-in. wide gage sec- 
tions, and a transverse hardness 
specimen. Radiographic sound- 
ness of all tensile specimens was 
established prior to testing (Fig. 1). 





Table 1—Filler and Base-stock Combinations 


Energy input, 
joules/in./pass 


Weld-zone 
chemistry 


Base stock 


5356-H321 
5356-H34 
5154-H34 
5154-H32 
5154-0 
5086-H112 
5086-0 
5154-H34 
5154-H32 
5154-0 
5356-H321 
5356-H34 
5086-H112 


Filler 


5356 
5356 
5356 
5356 
5356 
5356 
5356 
5154 
5154 
5154 
5154 
5154 
5154 


Mg, % 8-pass 
10,000 


10,000 


4-pass Mg, % 
15,000 .81 
15,000 81 
15,000 ll 
10, 15,000 11 
10, 15,000 me 
10, 15,000 .57 
10, 15,000 aT 
10, 15 ,000 

10, 15,000 

10, 15,000 

10,000 15,000 

10, 15,000 

10,000 15 ,000 


Nominal compositions, %— 


Si Fe 
0.45 0.45 


= 
Oo 
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Alloy 
5154 
5086 
5356 
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HK omn 
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Originally it was planned to 
use an automatic recording, 4-in. 
extensometer to record values of 
strain. However, upon investiga- 
tion, even the best of these proved 
either inaccurate, or of limited 
range. Therefore strain was de- 
tected with dividers. By means of 
intermediate gage marks, strain 
distributions at fracture were also 
determined within the 4-in. over- 
all gage length. Toughness was 
determined by planimetric integra- 
tion of stress-strain curves. 

In addition to hardness, tensile 
properties at strain rates of 0.025 to 
10,000 min~! have been measured 
at various locations in heat-affected 
zones of welds. Subsize specimens 
for tensile and tensile-impact testing 
had a gage section of 0.1 in. diam 
and 0.8 in. long. Tensile-impact 
data were obtained using a drop- 
weight impact machine, equipped 
with a load cell and oscilloscope, 
by means of which load-time curves 
were recorded photographically. 
With auxiliary information on ex- 
tension vs. time, also derived from 
the oscilloscope, stress-strain curves 
were evolved at impact strain 
rates. 

Using temperature-sensitive lac- 
quers, peak-temperature distribu- 
tions were measured (and found in 
agreement with theoretical predic- 
tions), so that correlation of prop- 
erty and temperature distribu- 
tions could relate measured prop- 
erties of an element of metal in the 
heat-affected zone to the peak 
temperature experienced by that 
element. 


Results and Discussion 


Transverse-tensile and Hardness Data 

Data on _ transverse strength, 
toughness and ductility are pre- 
sented in Tables 2 and 3. For 
all combinations tested, toughness 
is arbitrarily expressed in terms of 





Combination 
5356 on 
5356-H34 
5356 on 


Energy input 
joules/in. 
10,000 


15,000 


Table 2—Tensile Data for Finished Bars: 


Ultimate 
tensile, psi 


37 ,650 


41,500 


Toughness, 
in.-Ib/cu in. 
704 


1744 


Elongation, % 


4in. 
2.5 


5.2 


2in. 
4.5 


5356-H34 
5356 on 
5356-H34 
5356 on 
5356-H321 
5356 on 
5356-H321 
5356 on 
5356-H321 
5154 on 
5356-H34 
5154 on 
5356-H34 
5154 on 
5356-H34 
5154 on 
5356-H321 
5154 on 
5356-H321 
5154 on 
5356-H321 
5356 on 
5086-H112 
5356 on 
5086-H112 
5356 on 
5086-H112 
5154 on 
5086-H112 
5154 on 
5086-H112 
5154 on 
5086-H112 
5356 on 
5154-H34 
5356 on 
5154-H34 


30,000 
10,000 
15,000 


30,000 


39, 300 
40,600 
41,800 
40,800 
44,100 
35,800 
39,200 
38,900 
38,600 


37,150 


1664 5.2 
2077 6.8 
2755 9.2 
2916 9./ 
2668 5.0 
714 3.8 
2586 7.0 
7.0 


6.2 


40,200 
40,700 
37 ,000 
37,150 
41,300 
37,300 
38,750 


37 ,650 





in.-lb of energy absorbed per cu 
in. of material within the four in. 
gage length. Since the specimens 
were approximately '/, in. thick 
and exactly 1 in. wide, the energies 
absorbed per lineal inch of weld 
would be roughly twice the values 
listed. All toughness and strength 


values were obtained from tensile 
stress-strain curves such as those 
shown in Figs. 2 through 5. Figure 
2 shows a stress-strain curve typical 
of fully annealed plate, welded 
with matching filler; the effect 
of removing the weld reinforce- 
ment before testing is shown on the 








Tensile Stress, p s.i 


5154 on 5154-0 
© Finished Specimen 
O Crowned Specimen 








Tensile Stress, psi 
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Percent Elongation in Four 


Fig. 2—Stress vs. strain for 5154-O welded with 5154 filler 


12s | JANUARY 1960 


os y 


5356 on 5154 -O 
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Fig. 3—Stress vs. strain for 5154-0 welded with 5356 filler 








Werk-herdened Material in 4-in. gage lengths for finished 
specimens of all combinations stud- 
Energy input Ultimate Toughness, Elongation, % ied are shown in Figs. 6 through 13, 
Combination joules/in. tensile, psi in.-Ib/cu in 4 in. 2 in. in which strain is plotted as a 
5356 on 30 ,000 37 ,600 3796 12.2 22.0 function of distance from the weld 
5154-H34 centerline. (Figures 14 and 15 
5356 on 10,000 38,600 10.2 , compare strain distributions from 
a 15 ~ - flat-machined welds to those 
5154-H32 ; ; ' arising from corresponding rein- 
5356 on 006 37. 300 forced welds. ) Tensile plastic strains 
5154-H32 in 2-in. gage lengths were similarly 
5154 on 35. 300 determined for all combinations, 
5154-H34 and are included in Tables 2 and 
5154 on 35,900 8 3. Representative hardness distri- 
5154-H34 butions are shown in Figs. 16 and 
9154 on ’ 34, 9.5 17. In view of the hardness and 
am 4 , strain distributions, examination of 
5154-32 : tensile data leads to certain funda- 
5154 on mental conclusions concerning weld 
5154-H32 plasticity: 
eo . vf 17.: The Fusion Zone. In all work- 
Setiniiatiad dnainaial hardened plates, the softest region 
5356 on ee in the weld, which was also the 
5086-0 , : F ; ” location of greatest localized strain, 
5356 on was usually in the center of the 
5086-0 fusion zone, even when the filler 
5356 on 19. contained more magnesium than 
5086-0 the parent plate. Also, the fusion- 
5356 on : : 3.8 8. zone hardness was found to be 
5154-0 inversely related to weld energy 
rv ne as ‘ 16. input see Figs. 17 and 18); this 
5356 on “ , is taken to mean in the range of 
5154-0 sa i ’ interest, that fusion-zone hardness 
increases with solidification rate. 


5154 on im 
3154-0 However, the dependence of fusion- 


5154 on , OC 5 , Bt 6072 2 21.5 zone hardness on energy input can 
5154-0 be overshadowed by dilution ef- 


5154 on 0, o 32 ef 24. fects. Thus the hardness of a 
5154-0 5356 fusion zone is lower in 5154 
plate than in 5356 plate, and is 
less sensitive to energy input (see 
Fig. 18). 
With an annealed plate, fusion- 
same coordinates. Figure 3 shows The interrelationship of filler com- zone hardness has an important in- 
a similar pair of curves for fully position, degree of prior cold work, fluence on weld strength and plas- 
annealed plate in which the filler and weld energy input, as in- ticity. Higher strength and tough- 
contains more magnesium than the fluencing the strength and tough- ness were realized when filler mate- 
base plate (overmatching). The ness of welded joints, must be rial was used which contained more 
effect which prior work hardening interpreted in the light of transverse magnesium than the base plate 
has on the above stress-strain curves strain and hardness distributions. (overmatching). Thus when 5154- 
is illustrated in Figs. 4 and 5. Distributions of tensile plastic strain 0 plate is welded with 5154 filler, 





Tensile Stress, ps 


5154 on5i54-34 
O Crowned Specimen 
O Finished Specimen DO Crowned Specimen 


~ ad | O Finished Specimen 


4 € ” 
Percent Elongation in Four inches Percent Elongotion in Four inches 


Fig. 4—Stress vs. strain for 5154-H34 welded with 5154 filler Fig. 5—Stress vs. strain for 5154-H34 welded with 5356 filler 


5356 on 5154-434 


—{} 4 
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AE SR 2 Table 3—Tensile Data for Reinforced Bars* 
5356 on 5154-34 
Ultimate 
tensile Toughness, Elongation, %. 


Energy input strength, psi in.-Ib/cu in. 4in. 2in. 


Work-hardened material 
5356 on 10,000 38,200 588 3.0 6.0 
5356-H34 
5356 on 15,000 38,200 3.0 5.5 
5356-H34 
5356 on 30,000 40 , 300 8.0 10.0 
5356-H34 
5356 on 10,000 42,000 
5356-H321 
5356 on 15,000 46 ,000 
5356-H321 
5356 on 30,000 
5356-H321 
5154 on 44,100 
5356-H34 
5154 on 41,800 1596 
5356-H34 
5154 on 30,000 43,500 2744 
5356-H34 
5154 on 10,000 43,300 3140 
5356-H321 
5154 on 15,000 41,000 2172 
5356-H321 
5154 on 30,000 41,550 2534 
Fig. 6—Strain distribution in 5356-H321 
finished weldments 5356 on 10,000 39 ,900 6816 
5086-H112 
5356 on 15,000 40,700 4268 
as 5086-H112 
"Tact * oe Oe ae 5356 on 30,000 36,400 2968 
35} 5356 on bh —peoag . 5086-H112 
soe Se aene 5154 on 10,000 41,100 6268 
5 ©” |=-=4 30,000 Joules/in 5086-H112 
25} 5154 on 15,000 41,300 5552 
\ 5086-H112 
5154 on 30,000 36 , 350 2272 
5086-H112 
5356 on 10,000 38,375 
5154-H34 
5356 on 15,000 39,775 2826 8.8 
5154-H34 


Combination 











Distance from Weld Center 





20 


. 
woe 


° 
° 
s 
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1616 3.5 





Distornce from Weld Centerline P ae , P . 
* Strength based on area of unreinforced original load-carrying cross section, immediately adjacent to 


reinforcement. 


Fig. 7—Strain distribution in 
finished weldments 

















Fig. 8—Strain distribution in 
finished weldments 
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although the hardness distribution 
is almost uniform (see Fig. 16), 
strain is localized in and near the 
fusion zone. This is true even 
when slightly overmatching filler is 
used (5356 on 5086-0, see Fig. 8) 
Only when appreciably more mag- 
nesium is present in the fusion zone 
than in the annealed plate, is strain 
effectively distributed over the en- 
tire test section (5356 on 5154-0, 
see Fig. 7). 

The Heat-affected Zone. In work- 
hardened plate, hardness increases 
continuously with distance from 
the edge of the fusion zone. How- 
ever, the fully annealed material 
immediately adjacent to the weld 
fusion boundary frequently exhib- 
ited less tendency to flow plasti- 
cally than did the slightly harder 
material further from the fusion 
zone. Accordingly, some of the 
strain-distribution curves show min- 
ima in those regions associated 
with the edge of the fusion zone. 


Toughness and ductility in welded 
work-hardened plates are more sen- 
sitive functions of weld energy 
input than is strength. In most 
cases strength decreases somewhat 
with increasing energy input, but 
the total strain energy absorbed 
increases almost in direct proportion 
to increasing energy input. In 
work-hardened plate, the greater 
the weld energy input, the wider 
the heat-affected zone and, con- 
sequently, the greater the total 
strain. High weld energy inputs 
resulted in greater local strain as 
well as total strain and, generally, 
in somewhat lower hardnesses in 
the heat-affected zone. 

Annealed plate, as expected, 
showed lower strengths but much 
higher ductility in the welded condi- 
tion than did work-hardened plates. 
Because hardness and strain were 
more widely distributed, total en- 
ergy absorbed was higher for an- 
nealed plate than for work-hard- 








Ultimate 
tensile Toughness Elongation, % 
Combination Energy input strength, psi in.-Ib/cu in. 4in. 2 in. 


Work-hardened material 


5356 on 30,000 37,625 2720 k 13.5 
5154-H34 
5356 on 10,000 40 , 303 5808 -¥ 12.0 
5154-H32 
5356 on 15,000 38 , 260 2742 
5154-H32 
5356 on p 39,000 4076 
5154-H32 
5154 on , 37 ,650 
5154-H34 
5154 on j 37, 
5154-H34 
5154 on " 39, 
5154-H34 
5154 on , 40, 
5154-H32 
5154 on : 38, 
5154-H32 
5154 on ; 35,2 ay 
5154-H32 Fig. 9—Strain distribution in 
finished weldments 





Annealed material 


5356 on 
5086-0 
5356 on 
5086-0 
5356 on 
5086-0 
5356 on 
5154-0 
5356 on 
5154-0 
5356 on 
5154-0 
5154 on 
5154-0 
5154 on 
5154-0 
5154 on 
5154-0 





ened plate. With fully annealed 
plate, toughness was maximized 
when low weld energy inputs were 
used with overmatching filler. 

Strain Distribution. Strain dis- 
tribution depends systematically 
upon the initial hardness of the 
plate and the degree of softening 
effected by recrystallization, partic- 
ularly when overmatching filler is 
used. Thus when three tempers of 
5154 (0, H32, and H34) are welded 
with 5356 filler, transverse strain 
distribution becomes progressively 
wider with decreasing initial plate 
hardness (see Figs. 6 and 7). 

The influence of recrystallized 
hardness makes itself felt even 
when matching filler is used. In 
this investigation 5356-H321 and 
5356-H34 were about the same 
hardness as received, but, of the 
two, 5356-H321 exhibited lower 
recrystallized hardness (see Fig. 
19) and, accordingly, wider strain 
distribution as welded (see Fig. 
9). 


Correspondence Between Hardness 
and Strain. There is a surprising 
and significant lack of correspond- 
ence between distributions of hard- 
ness and strain. The cast structure 
in the fusion zone shows a much 
greater tendency to deform plasti- 
cally than does chemically identical, Fig. 10—Strain distribution ir 
annealed, wrought material, even finished weldments 





when their hardnesses are approxi- 
mately equal (5154 on 5154-0, 
Fig. 11 and Fig. 16), hence the need 
for overmatching filler on annealed 
plate. Also the effect of energy 
input on the width of the heat- 
affected zone in  work-hardened 
plate, regularly evidenced in hard- 
ness distributions (Fig. 17), is not 
simply reflected in strain distribu- 
tion (Fig. 9) for the same alloy 
5356 on 5356-H321). Not only 
is strain excessive in the fusion 
zone, but strain appears to be 
inhibited at the boundary between 
the fusion zone and the _heat- 
affected zone. These effects are Fig. 11—Strain distribution in 
interpreted as meaning that: (a) finished weldments 


WELDING RESEARCH SUPPLEMENT 


15-s 





Finished Specimens 
5154 on 5086 -HII2 
“© 10,000 Joules/ in 
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stonce from Weid Centerline, inches 


Fig. 12—Strain distribution in 
finished weldments 
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Fig. 13—Strain distribution in 
finished weldments 
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Fig. 14—Strain distribution in reinforced 
weldments compared with strain dis- 
tribution in corresponding finished weld- 
ments 
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5154 on 5356-H34 
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Fig. 15—Strain distribution in reinforced 
weldments compared with strain dis- 
tribution in corresponding finished weld- 
ments 
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Fig. 16—Typical hardness distributions 


the cored structure of the fusion 
zone work hardens less rapidly 
(by tensile strain) than does a 
homogeneous solid solution, or (6) 
grain size and orientations in both 
the fusion and heat-affected zones 
have a pronounced influence on 
plasticity. 

Weld Reinforcement. When the 
weld reinforcement is left intact 
on annealed plate, strain is often 
widely distributed. Failure fre- 
quently appears at a point quite 
remote from the fusion zone. 
Leaving the weld reinforcement in- 
tact on annealed plate has its 
greatest effect when matched or 
undermatched filler is used. When 
filler material contains appreciably 
more magnesium than the annealed 
plate (overmatched), the presence 
or absence of the weld reinforce- 
ment is of secondary influence, 
since, in this case, the fusion zone 
is at least as hard as the surrounding 
material. 

The effect of the weld reinforce- 
ment on strain distribution in 
work-hardened plate is shown in 
Figs. 14 and 15. The presence of 
the reinforcement quite evidently 
inhibits plastic strain in the fusion 
zone. However, the effect is not 
pronounced with undermatched fil- 
ler, because the mechanical rein- 
forcement is overwhelmed by the 
extreme softness of the fusion zone, 
and strain is still localized (5154 
on 5356-H34, Fig. 15). With 
matching filler, the presence of 
the weld reinforcement has a marked 
influence on strain distribution 
(5154 on 5154-H34, see Fig. 14). 

Toughness. Since all stress-strain 
curves determined have the same 
general shape, toughness is a linear 
function of the product of ultimate 
tensile strength and total strain 
(elongation), as shown in Fig. 
20. The correlation in Fig. 20 is 
valid for all tests performed, with 
and without weld reinforcement, 
including unwelded base material, 
and can be expressed as: 


U = 0.88PL (1) 
where 


U = total energy absorbed (in.-lb) 
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Fig. 17—Hardness distribution at various power inputs for a single weld chemistry 





L = total elongation in a 4-inch 
gage length (in.) 

P = maximum load sustained by 
the bar (Ib) 


Thermal Data 

Theoretical and experimental de- 
terminations of peak-temperature 
distributions in welding can be 
correlated with  recrystallization 
data and measured hardness, tensile 
and tensile, impact distributions to 
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Fig. 18—Fusion-zone hardness as a 
function of power input for 
several weld chemistries 





Fig. 19—Hardness vs. furnace 
annealing temperature 





Fig. 20—Toughness vs. the product 
of ultimate tensile strength and 
elongation in 4 in. 


evaluate the degree and distribu- 
tion of heat-affected zone softening 
in welded work-hardened plate. 
Recrystallization curves for the 
alloys studied are shown in Fig. 19, 
and typical weld-hardness distribu- 
tions have been presented in Figs. 
16 and 17. Taking cognizance of 
the peak-temperature distribution 
associated with the welding-heat 
source, direct comparison can be 
made between the softening induced 
by welding and that resulting from 
furnace recrystallization. 

Heat conduction relationships ap- 
propriate for a moving “edge” 
source in a flat plate can be used to 
develop an expression for peak- 
temperature distribution: 


1 Vr'tp'C, V 2re 
T, — T q 


where 
% peak temperature ex- 
perienced at a distance, 
r’, from the edge of the 
fusion zone in a plate 
of thickness, ¢. 
initial temperature of 
plate. 
velocity of arc. 
heat-flow rate from arc 
into plate. 
density, specific heat 
and melting point, re- 
spectively, of metal 
being welded 
e 2.718 
The general conformance of eq 
2 with experimentally determined 
peak-temperature distributions is 
reflected in Fig. 21, in which thermal 
data are correlated in terms of 
dimensional groups suggested by 
eq 2. A linear dependance of the 
reciprocal of peak-temperature rise 
on the reciprocal of weld energy 
input is seen to be very closely 
represented, and the intercept on 
the reciprocal temperature axis sug- 


gests that the centerline of the weld, 
in aluminum, is less than 80° F above 
the melting point of aluminum. 

The equation of the straight 
line in Fig. 21 is given by 


1000 
T, — T: 


1.68 ( 


0.82 


1000 asd) 
EI 


3 


Equation 3 is dimensional and 
limited to aluminum. The di- 
mensions of ¢ and r are in.; V, 
velocity of the heat source (arc), 
ipm; LE, volts; J, amperes. Aill 
temperatures are in °F. Note 
that r is the distance from the weld 
centerline in eq 3 whereas r’, 
in eq 2, is the distance from the 
edge of the fusion zone. By 
measuring, experimentally, the 
width of the zone heated to or 
above a particular T,, and dividing 
by 2, r is determined independent of 
fusion zone dimensions. 

If the specific heat of aluminum 
is taken as 0.22 Btu/ (Ib) (F°) and the 
density as 0.096 lb/cu in., interpre- 
tation of the slope of the line 
in Fig. 21 leads to a value of power 
efficiency: that fraction of the 
power generated in the are which is 
conducted into and through the 
plate is found to be somewhat over 
90%. 

Peak-temperature distributions 
were experimentally determined on 
aluminum by the use of tempera- 
ture-sensitive lacquers. These lac- 
quers, which melt when heated above 
aspecified temperature, were applied 
in transverse stripes across the path 
of the intended weld, both on the 
bottom and top surfaces of the 
plates. The appearance of the 
stripes after welding is illustrated 
in Fig. 22. Measurements made on 
the top (heat-source side) of the 
plate corresponded closely to those 
made on the bottom of the plate, 
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Fig. 21—Reciprocal of peak-temperature rise in aluminum as a function of: 
distance, r, from the weld centerline; plate thickness, t; velocity, V; voltage, 


E; and amerage, |; 


under conditions of two-dimensional heat flow 
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Table 4—Distribution of Tensile-impact Properties in Weld Regions 


Ultimate 
tensile 
strength, 
10,000 min-? 


Ultimate 
tensile 
strength, 
Peak temperature 0.025 min! 
Heat-affected zone, 5086-H112 
400° F 41,000 
500° F 40,400 
600° F 39,600 
700° F 39,600 38 ,500 
800° F 39,400 38,500 


Heat-affected and fusion zones, 5356 on 5356-H321 

400° F 51,800 44,800 14.3 
500° F 50, 700 44,600 14.2 
600° F 50 , 300 44,600 14.9 
700° F 49,300 44,600 19.1 
800° F 43,700 40 ,600 25.7 
Fusion zone 38 ,900* 37,400 21.8* 


Elongation Elongation 
in 0.4 in., in 0.4 in., 
0.025 min-'!,% 10,000 min-', % 


39,500 
39,000 
39,000 


Fig. 22—Photograph showing the re- 
sponse to welding heat (temperature) of 
lacquers which are sensitive to various 
temperatures 











Fig. 23—Hardness as a function of (a) 
peak temperature in welding or (b) 
furnace annealing temperature, alloy 
5356-H321 


Fig. 24—Tensile impact load-time curves 


Figure Material 





* Fusion zone properties indicated by asterisk are at strain rate of 2.5 min™ 


providing evidence that, under these 
conditions, heat flow was essentially 
two-dimensional. 

Hardness-vs.-temperature data 
were gathered under conditions of 
fusion welding and also by heat 
treatment. Astonishingly, it was 
found, at least for alloy 5356- 
H321, hardness was largely deter- 
mined by peak temperature and 
was apparently independent of time 
at temperature. The curve of hard- 
ness vs. peak temperature is pre- 
sented in Fig. 23, (the furnace 
recrystallization data has already 
appeared in Fig. 19). It may be 
seen, for example, that heating to a 
temperature of 600° F for one hr 
in a furnace produces substantially 
the same amount of softening as is 
achieved at that point in the heat- 
affected zone whose peak tempera- 
ture (for a fraction of a second) 
was 600° F. 


Distribution of Tensile and 
Tensile-impact Properties in 
the Heat-affected Zone 

Tensile properties measured at 
normal and impact rates of strain 
are summarized in Table 4, in 
which values are related to peak 
temperatures of the regions of the 
heat-affected zones from which the 


(b) 


Peak Ultimate tensile- 
impact strength, psi 


temperature, ° F 


test specimens were machined. 
Data were collected only from welds 
involving high energy input, having 
wide heat-affected zones to min- 
imize the gradient of peak tempera- 
ture. In this way, there was but 
slight variation of peak temperature 
over the thickness of the test section, 
and all specimens were, of course, 
machined parallel to the axis of 
welding. 

As expected, tensile strength at 
high and low strain rates is inversely 
related to peak temperature, when 
welding is performed on _ work- 
hardened plates. Ductility, on the 
other hand, is substantially inde- 
pendent of location or peak tem- 
perature in the heat-affected zone, 
but was markedly influenced by 
strain rate. Tensile strength on 
impact loading is, in all cases, lower 
than that determined at low strain 
rates; the effect is fairly pro- 
nounced (4-7000 psi) in the heat- 
affected zone and base plate of 
5356; strain rate exerts only a 
slight influence on tensile strength 
in 5086 base plate, or 5356 fusion 
zones. 

Typical photographic records of 
load-time curves, as determined on 
a drop-weight impact tester, are 
shown in Fig. 24. Of particular 


Elapsed * 
time, sec 


250° F 
910° F 
Fusion zone 


0.90065 
0.00075 
0.00070 


24a 5356-H321 
24b 5356-H321 
24c 5356 


44,500 
41,000 
36,400 


* Approximate time between initiation of loading and failure 


18-s | JANUARY 1960 





interest, and deserving of further 
exploration, is the prevalance of 
a distinct yield point at high 
strain rates and at all tempers and 
conditions of heat treatment, which 
is never observed at low strain 
rates. The magnitude of the stress 
level corresponding to the “upper 
yield point” is about the same as 
the 0.2% offset yield, determined 
at low strain rates. 

Areas under stress-strain curves 
have been measured for subsize 
specimens at both strain rates, and 
conformance with eq 1, relating 
toughness to the product of maxi- 
mum load and total elongation has 
been observed at all strain rates and 
conditions of temper or heat treat- 
ment. (At impact strain rates the 
constant in eq. 1 is 0.95). This 
means, since the only value materi- 
ally influenced by strain rate is duc- 
tility, the toughness at impact rates 
of strain is generally about one- 
fourth that at low strain rates. 

Distributions of yield strength 
have been found to conform more 
closely with hardness distributions 
than with tensile strength. Yield- 
to-tensile ratio in the fusion zone is 
uniformly lower than in the heat- 
affected zone, although ductilities 
are the same, reflecting less work- 
hardening capacity in the cast 
structure of the fusion zone than 
in any part of the heat-affected 
zone. This observation is consistent 
with the excessive deformation gen- 
erally observed in fusion zones of 
transverse tensile specimens. 


Conclusions 
1. Work-hardened material, 


welded with matching filler metal, 
shows the greatest toughness when 
high-energy passes are used and 
when the degree of cold work is 
large. 

2. Fully-annealed plate shows the 
greatest toughness when low-energy 
passes are used and the magnesium 
content of the fusion zone exceeds 
that of the base plate (over- 
matching). When extra magnesium 
is incorporated into the fusion zone 
of a welded annealed plate, plastic 
flow is more widely distributed, 
although failure is still usually 
associated with the fusion zone. 

3. The strength of the weld is 
inevitably limited by the strength 
of the fusion zone, but usually 
increases with increasing plate 
strength. The welds consisting of 
8 low-energy (10,000 joules per 
in.) passes are, in general, slightly 
stronger than welds produced at 
higher energy inputs. 

4. The hardness of the fusion 
zone increases with magnesium con- 
tent, and decreases with increasing 
energy input. A fusion zone ex- 
hibits greater tendency for plastic 
flow, at a given stress level, than 
does annealed plate of equivalent 
hardness. 

5. Strain distribution in the heat- 
affected zone depends systematically 
on the initial hardness of the plate 
and the degree of softening effected 
by recrystallization, particularly 
when overmatching filler is used. 

6. The weld reinforcement, if 
left intact, inhibits strain in the 
most plastic part of the weld and 
usually increases toughness. 


7. Strain and hardness distribu- 
tions do not closely correspond; 
plasticity is apparently more struc- 
ture sensitive than is hardness. 

8. Tensile and _ tensile-impact 
property distributions show a large 
dependance of ductility and tough- 
ness, but not strength, upon strain 
rate. At impact strain rates, duc- 
tility and toughness are about one- 
fourth those at low strain rates, for 
all regions of the fusion and heat- 
affected zones. 
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Two New Pressure-vessel Bulletins 


The Welding Research Council has issued two new pressure-vessel bulle- 
tins of considerable interest to the Pressure Vessel Research Committee. 
sells for $1.00 per copy. 

Bulletin #52 contains two papers; ‘‘A Review, Comparison and Modification of 
Present Deflection Theory for Flat Perforated Plates’’ by V. L. Salerno and J. B. 
Mahoney, and ‘‘Correlation of Experimental Data with Theory for Perforated Plates 
with a Triangular Hole Array’’ by L. Deagle. 
‘Bending of 2:1 and 3:1 Open-Crown Ellipsoidal Shells’’ by G. D. Galletly. 


Requests for single copies should be sent to the American Welding Society, 
29 W. 39th St., New York 18, N. Y. 
Requests for bulk lots of ten or more, should be sent to the Welding Research 
Council, 29 W. 39th St., New York 18, N. Y. 


Each 


Bulletin #54 contains one paper; 
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Correlation of Toughness Between H-Plate 
and Charpy-Impact Tests 


Objectives of laboratory tests are to evaluate the 

differences that exist between three armor-composition types 
and to determine whether effects of the differences 

as indicated by H-plate performance can be 

predicted by composite Charpy tests 


BY W. P. HATCH, JR. 


ABSTRACT. The report presents the 
results of a laboratory study of tough- 
ness in ballistic H-plates of high- and 
low-hardness armors. 

Ballistic testing at Aberdeen Proving 
Ground indicated certain consistent 
differences between plates of three 
armor compositions when welded with 
a given electrode. The most notable 
behavior was the marked tendency for 
plate cracking in a high-hardness Mn- 
Mo steel base plate using either ferritic 
or austenitic electrodes. In the case of 
a high-hardness Ni-Cr-Mo base metal, 
there was no plate cracking; however, 
all five rounds fired caused excessive 
weld-joint cracking. Likewise, in the 
case of a low-hardness Ni-Cr steel base 
metal, failure would occur only in the 
weld joint. 

Postballistic laboratory examination 
included chemical analyses, macro and 
microexamination, hardness, and 
Charpy-impact tests together with 
welded Charpy-impact tests to deter- 
mine the effects of welding on tough- 
ness of the base metals. 

The relative performance of the 
high-hardness Mn-Mo and the low- 
hardness Ni-Cr test plates could have 
been predicted from V-notch Charpy- 
impact transition curves. The Mn- 
Mo armor failed to meet minimum 
specification impact requirements for 
unwelded plate, while the impact 
transition occurred entirely below 
—40° F in the Ni-Cr plate. In the 
case of the high-hardness Ni-Cr-Mo 
plates, the correlation between Charpy 
transition data and H-plate perform- 


W. P. HATCH, JR.., is associated with the Metals 
Joining Branch of Watertown Arsenal Labora- 
tories, Watertown, Mass 
Paper presented at AWS National Fall Meeting 
held in Detroit, Mich., Sept. 28 to Oct. 1, 1959. 
The statements and opinions expressed herein 
are those of the author and are not to be con- 
strued as official or reflecting the views of the 
Department of the Army. 
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ance was not so definite, although the 
Ni-Cr-Mo base metal was observed to 
have slightly lower transition tem- 
peratures than the Mn-Mo armor. 


Introduction 


Background 

The economical and mechanical ad- 
vantages in welded military struc- 
tures have not been gained without 
introducing new problems in en- 
gineering technology. The question 
of weldability testing has been a 
particular enigma in welding re- 
search. 

With application of welding to 
the fabrication of armored vehicles 
during World War II, the Ordnance 
Corps, together with its industrial 
contractors, became keenly aware 
of the problems involved in weld- 
ability testing. Armor, being a 
heat-treatable high-strength low- 
alloy steel composition, possesses 
inherent metallurgical characteris- 
tics which present difficulties in 
fabrication by welding. Hence, de- 
velopment of a test for evaluating 
weldability (a term which includes 
both ease of producing sound welds 
and service performance require- 
ments) has been a prime objective 
in Ordnance welding research. 
However, despite extensive efforts 
by numerous researchers both in and 
outside the Government, no univer- 
sally acceptable weldability test for 
armor plate has yet been developed. 

For lack of a more suitable test, 
the H-plate, which was instituted 
in 1942 and is still used as a qualifi- 
cation test of welding procedures, 
has been utilized in some instances 
for research and development pro- 
grams on weldability of armor. One 


such program was carried out for 
comparison of performance in 1-in.- 
thick welded H-plates from Army 
and Navy armor compositions. 
After fabrication, the completed H- 
plates were forwarded to Aberdeen 
Proving Ground for ballistic shock 
testing at —40° F. 

It is important to recognize that 
there were actually two different 
types of armor involved in the test 
program. To avoid misunderstand- 
ing, further explanation at this point 
might be in order. 

Armor, in general, can be classified 
in two categories according to the 
type of ballistic protection which it 
is designed to provide. One type of 
armor is_ heat-treated to high- 
hardness levels with the primary 
objective of providing maximum 
resistance to projectile penetration. 
Although maximum toughness is 
also desired in this type of armor, 
some compromise must be made in 
order to obtain an optimum com- 
bination of protection against bal- 
listic penetration and shock resist- 
ance. The second type of armor is 
produced to lower hardness levels 
with the primary objective of pro- 
viding maximum resistance to fail- 
ure under shock loading. In this 
type of armor, heat treatments can 
be devised for maximum toughness 
without much, if any, compromise. 

The fact that armors of two types 
were compared in one program made 
direct comparison between test re- 
sults difficult. However, if one is 
aware that the Army armor base 
metals, subsequently identified as 
Mn-Mo and Ni-Cr-Mo, were heat 
treated to high hardness for maxi- 
mum penetration resistance whereas 
the Navy armor base metal, sub- 
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Fig. 1—Cracking in austenitic EL307 welded armor H-plates from 


ballistic tests at —40° F 


sequently identified as Ni-Cr, was 
heat treated to lower hardness for 
maximum resistance to shock, the 
comparative evaluation presented 
in this report should not be mis- 
construed. The weld metal—base 
metal combinations investigated, 
together with the results of the 
ballistic testing at Aberdeen Proving 
Ground, are presented in Figs. 1, 2 
and 3 aid are summarized hereafter. 

The summary observations which 
follow, based on the above-men- 
tioned figures, provide the basis for 
possible correlation with post- 
mortem laboratory tests. * 


Ni-Cr Armor 

1. Welded with Austenitic E307 
Electrode (see Fig. 1 Satisfactory 
performance, with 4 out of 6 rounds 
fired producing no cracking. The 
cracking that did occur was ‘“‘fusion- 
zone”’ cracking. t 

2. Welded with Ferritic Grade 260 
Electrode (see Fig. 2). Satisfactory 
performance, with only 1 out of 5 
rounds fired producing failure. One 
round caused complete (36 in.) weld- 
metal fracture, another round 
caused no cracking and 3 of the 5 
rounds fired produced ‘‘fusion-zone”’ 
cracking. 

3. Welded with Ferritic Grade 230 
Electrode (see Fig. 3). Unsatisfac- 
tory performance with 5 out of 6 
rounds producing excessive leg 
cracking. One of the rounds caused 
extensive weld-metal cracking, and 
4 out of 6 failed as a result of ex- 
tensive ‘‘fusion-zone”’ cracking. 


* Only back cracking, occurring with the first 
and second rounds, which were placed on opposite 
legs of the H-plates, was considered in this sum- 
mary. 


Mn-Mo Armor 

1. Welded with Austenitic E307 
Electrode (see Fig. 1). Unsatisfac- 
tory performance with 7 out of 8 
rounds producing ‘“‘excessive”’ plate 
base-metal) cracking. Six of the 8 
rounds fired also caused ‘‘fusion- 
zone”’ cracking. 

2. Welded with Ferritic Grade 230 
Electrode (see Fig. 3). Unsatisfac- 
tory performance, with all rounds 
4) producing “excessive” plate 


+ Fusion-zone cracking is a term used by Aber 
deen Proving Ground hich designates that 
cracking occurred at the bond between the de 
posited weld metal and the base plate. Often 
the cracking is visible only on the surface of the 
plate, in which case fusion-zone cracking occurs at 
the toe of the welds However, because the con 
tour of a weld joint is not perpendicular to the 
plate surface, it is difficult, if not impossible, to 
letermine microstructures corresponding to the 
site of first separation and path of propagation 
unless a special study is made (such as that made 
by Battelle Memorial Institute under Contract 
No. DA-33-019-ORD-1132, WAL Report 642 
160-12 Therefore, failures designated as “‘fu 
sion zone” could be either weld-metal or heat 


iffected base-metal failures 
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Fig. 2—Cracking in ferritic grade 260 
welded armor H-plates from ballistic 
tests at —40° F 


cracking. Three out of 4 rounds also 
caused ‘“‘fusion-zone’”’ cracking. 
Only one round produced weld- 
metal cracking. 


Ni-Cr-Mo Armor 

1. Welded with Ferritic Grade 230 
Electrode (see Fig. 3 Unsatisfac- 
tory performance, with all rounds 
5) producing excessive “‘leg’’ (weld 
cracking. All five rounds caused 
‘“‘fusion-zone”’ cracking. Moreover, 
4 out of 5 rounds caused excessive 
weld-metal cracking. 

Certain trends are evident from 
the above summary of H-plate test 
results. At -—40° F the Mn-Mo 
was deficient in toughness as shown 
by excessive plate cracking regard- 
less of whether austenitic or ferritic 
electrode was used in fabrication of 
the H-plates (11 out of 12 rounds 
fired produced excessive plate crack- 
ing and, therefore, resulted in “‘dis- 
qualification” of the H-plates). 
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Fig. 3—Cracking in ferritic grade 230 welded armor H-plates from 


ballistic tests at —40° F 
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Fig. 4—Macrostructures through the thickness of the H-plate armor 
base metals. X?/ 


Ni-Cr-Mo 


Fig. 5—Microstructures of the H-plate armor base metals (picral etch). 
(Reduced by '/; upon reproduction) 
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The weld metal deposited with 
the Grade 230 ferritic electrodes also 
lacked sufficient toughness for test- 
ing at —40° F, since excessive leg 
cracking occurred in both the Ni-Cr- 
Mo and the Ni-Cr armor steels. No 
plate cracking occurred in either the 
Ni-Cr-Mo or the Ni-Cr, although 
“‘fusion-zone”’ cracking was observed 
in both materials. In the case of the 
Ni-Cr armor, “‘fusion-zone”’ cracking 
was predominant, whereas in the 
Ni-Cr-Mo armor, extensive weld- 
metal cracking occurred. 


Objective 

The objective of the laboratory 
tests was (1) to evaluate the differ- 
ences which exist between the three 
armor composition types with regard 
to hardness, soundness and tough- 
ness of the unwelded base metals 
and (2) to determine whether effects 
of the differences as indicated by 
H-plate performance could be pre- 
dicted on the basis of composite 
Charpy tests. 


Scope 

Laboratory examination was in- 
tended to determine those base- 
metal properties most closely asso- 
ciated with armor specification re- 
quirements. Historically, Army 
armor specifications are based on 
certain mechanical property require- 
ments but without direct stipulation 
of chemical compositions. This ap- 
proach does not ignore the depend- 
ence of mechanical properties on 
chemistry and processing factors; 
provisions for control of these fac- 
tors are included in the specification. 
The specifications also provide for 
certain laboratory tests to determine 
that the material possesses adequate 
soundness, hardness, and toughness 
for satisfactory ballistic perform- 
ance. Thus, the laboratory tests of 
the base metals included: (a) chemi- 
cal analyses, (6) macro and micro- 
examination (soundness), (c) hard- 
ness tests (resistance to penetration ) 
and d) Charpy-impact _ tests 

toughness). 

Because the ballistic performance 
of H-plates depends primarily on the 
performance of welded joints, the 
scope of the laboratory examination 
was extended beyond the base-metal 
evaluation recommended by the 
Ordnance Advisory Committee to 
include an evaluation of the effects 
of welding on base-metal toughness. 
The composite Charpy-impact test 
has shown considerable promise as 
a method for studying simulta- 
neously the relative notch toughness 
of weld and heat-affected base 
metal.'? Therefore, the composite 
test was utilized in this part of the 
investigation to obtain transition 








Table 1—Armor Base-metal Composition (Weight %) 


Type Cc Mn Si S 
Ni-Cr 0.30 0.19 0.11 0.020 
Ni-Cr-Mo 0.28 1.25 0.27 0.020 
Mn-Mo 0.28 1.56 0.18 0.017 


P Ni Cr Mo 
0.006 2.73 1.43 0.08 
0.017 0.76 0.68 0.34 
0.014 Trace 0.02 0.47 





curves for the two major compo- 
nents of welds, together with low- 
blow impact testing to determine 
the location of crack initiation and 
mode of fracture propagation in the 
composite structures of welded spec- 
imens. Because of funding limita- 
tions, only one weld-metal type was 
investigated, viz., ferritic Grade 230. 


Base-metal Examination 


Chemical Analyses 

Chips for wet chemical analyses 
given in Table 1 for the three armor 
base metals were machined from 
test pieces sectioned from H-plates. 
As can readily be seen from Table 1, 
three widely different armor base- 
metal compositons were involved. 
The armor chemistries were con- 
sidered representative of composi- 
tion types and no unusual variations 
in element amounts were noted. 


Macro and Microexamination 
Specimens for macroexamination 
were machined from test sections of 
the armor base metals in both the 
longitudinal and transverse direc- 
tions. Orientation with plate rolling 
direction was accomplished by ma- 
chining specimens parallel or per- 
pendicular to the H-plate leg welds. 
The macrospecimens were etched 
in a hot 38% HCl-—12% H-SO, 
50% H.O acid solution at 170° F. 


Photographs showing the macro- 
structure in cross sections through 
thickness of the armor plates are 
presented in Fig. 4. All three 
materials were apparently cross- 
rolled in the reduction to 1-in. plate. 
The macrostructure of the Mn-Mo 
and the Ni-Cr plates was considered 
typical of good quality rolled armor 
whereas centerline nonmetallics in 
the Ni-Cr-Mo plate were considered 
excessive for an average degree of 
cleanliness desired in quality armor. 
However, there did not appear to be 
any detrimental effect from this 
condition in the H-plate tests. 
Specimens from all three armor 
steels were examined microscopi- 
cally at < 100 and 1000 magnifi- 
cation after polishing and etching 
with a 4% picral reagent. Re- 
productions of photographs of typi- 
cal microstructures are included in 
Fig. 5. At 100 magnification, 
both the Mn-Mo and Ni-Cr-Mo 
appeared quite similar with a scat- 
tered distribution of fine elongated 
nonmetallics in what is seen as a 
uniformly dark-etching two-constit- 
uent field of microstructures. The 
uniformity of etching indicated an 
economical homogeneous distribu- 
tion of the alloying elements. At 
higher magnification, both micro- 
structures were seen to consist of 
tempered martensite and tempered 
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Fig. 6—Hardness through cross section 
of the 1-in. thick armor base metals 


bainite with somewhat larger 
amounts of bainite in the Mn-Mo 
composition. 

Unlike the other armors, the Ni- 
Cr steel etched irregularly in a 
banded structure as seen at x 100 
magnification in Fig. 5. Some band- 
ing was also evident at 1000 in 
the microstructure of tempered 
martensite. The presence of dis- 
crete rounded carbides evident at 
the higher magnification were in- 
dicative of tempering cycles in- 
volving higher temperatures and/or 
longer times than those for the 
Mn-Mo and Ni-Cr-Mo armors. 





Table 2—Hardness Across Thickness of Armor Base Metals 
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Hardness Tests 

Brinell and Rockwell hardness 
traverses were taken across a section 
through the thickness of each of 
the armor steels. The Rockwell 
results obtained are presented in 
Fig. 6 and Table 2. No evidence 
of excessive variations between 
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Fig. 7—V-Notch Charpy-impact transition 
curves for the H-plate armor base metals 


hardnesses from surface to center 
which might result from improper 
heat-treating procedures was noted. 
Test results indicated average hard- 
nesses for the Mn-Mo and Ni-Cr- 
Mo armors at 355 to 360 Bhn 
(39.8 to 39.9 R.) against 255 Bhn 
(25.7 R.) for the Ni-Cr armor. The 
characteristic hardness levels which 
are evident were one of the major 
differences known to exist between 
the two types of armor. The reasons 
for the wide difference in hardness 
are directly associated with different 
service requirements for protection 
against ballistic penetration. 
Nevertheless, the wide separation 
in hardness level of armor types 
complicated direct comparison of 
performance in this investigation. 


Charpy-impact Transition Tests 

V-notch Charpy-impact  speci- 
mens were machined from plate 
samples in both longitudinal and 
transverse directions. The speci- 
mens were taken from midthickness 
of the 1-in. plates and were notched 
perpendicular to the plane of plate 
surface. Transition curves obtained 
from testing the specimens over a 
range of temperatures are presented 
in Fig. 7. From comparison of the 
two curves for each material, it can 
readily be seen that only the Ni-Cr 
armor exhibits marked directionality 
properties. No attempt was made 
to determine cause of the direction- 
ality which is usually associated with 
mill practices. 

Because of the wide separation 
between hardnesses of the two types 
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Fig. 8—Composite Charpy-impact test—lllustration 


fractured test specimen 
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COfTAn A 


of armor, comparison based on a 
given impact-energy level favors the 
lower hardness material. Never- 
theless, comparisons based on the 
relative positions of the transition 
curves with respect to temperature 
indicate the Ni-Cr armor to be 
superior in toughness since its entire 
transition occurred below —40° F. 
The impact requirement of Specifi- 
cation MIL-A-12560 for transverse 
specimens from armor at 361 Brinell 
hardness is 15 ft-lb at -—40° F. 
Figure 7 shows that the Mn-Mo 
armor with an impact level of 11 
ft-lb at —40° F failed to meet mini- 
mum impact requirements, while 
the Ni-Cr-Mo armor just met the 
minimum requirements with 16 ft-lb 
average impact energy. An energy 
requirement applicable to the low 
hardness Ni-Cr armor is indetermi- 
nate. However, it is evident that, 
impact-wise, neither the Mn-Mo nor 
the Ni-Cr-Mo armor approached 
the toughness of the Ni-Cr armor. 

It should be emphasized again 
that, in evaluating these results, 
a direct comparison of impact prop- 
erties in the two types of armor may 
be somewhat arbitrary because of 
basic differences in chemistry and 
hardness between the materials. 
The relatively inferior impact in the 
Mn-Mo and Ni-Cr-Mo armors is 
largely the result of high hardness 
(for greater resistance to projectile 
penetration) and lean chemistries 
(imposed as an alloy conservation 
measure). Nevertheless, experience 
indicates that, for adequate armor 
toughness, the impact energy at the 
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lowest anticipated service tempera- 
ture must approach the maximum 
level attained at the upper plateau 
in a V-notch Charpy transition 
curve. Therefore, it appears that 
the low-hardness Ni-Cr armor has 
a distinct advantage over the high- 
hardness Mn-Mo and Ni-Cr-Mo 
armors from the standpoint of 
toughness at —40° F. 


Welding Tests 


Composite-test Procedure 

Examination of the ballistic H- 
plate firing records revealed that 
cracking in every case had originated 
near the point of impact, either in 
or immediately adjacent to the weld 
metal. Since the welded joints 
appeared to be critical areas for 
origin of cracking, tests designed to 
yield information on the relative 
notch toughness of weld and heat- 
affected base metal were considered 
highly desirable. 

The composite Charpy-impact 
test has been found to be a useful 
tool for studying the 
welding.'? The test consists of 
a weld deposited in a groove ma- 
chined in the surface of a test plate 
(Fig. 8). Charpy-impact specimens 
are machined from the welded test 
plate in such a manner that the 
cross section under the notch con- 
sists of approximately equal areas 
of weld metal and heat-affected base 
metal. Measurements of the lateral 
deformation occurring in test speci- 
mens broken over a range of tem- 
peratures yield two transition curves 
indicating the relative notch tough- 
ness of weld and heat-affected base 
metal. 

An innovation was introduced in 
these tests in order to obtain the 
maximum number of specimens 
from a single test plate. Welds were 
deposited in grooves machined op- 
posite one another in two surfaces 
of the 1-in. thick plates. Composite 
specimens were machined from loca- 
tions at either side of midthickness 
in the 1-in. plate, thus doubling the 
number of specimens available from 
one test plate. With this procedure, 
the test plate illustrated in Fig. 8 
represents one of two test pieces 
lying at either side of the thickness 
centerline in 1-in. plate. 

Each weld was deposited in two 
passes using Grade 230 electrodes 
of the low-hydrogen ferritic type 
covered by Specification MIL-E- 
986. The Grade 230 weld metal was 
selected because it was the only 
electrode type which had been used 
in fabricating H-plates from all 
three base metals. Welding condi- 
tions duplicating as closely as possi- 
ble those for the first two passes in 
the H-plates were used in producing 
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Fig. 9—Lateral-deformation transition curves for composite Charpy-impact tests of welds 


in the H-plate armors 


each test-plate weld. 


Composite-test Results 

The lateral-deformation transition 
curves for weld metal and heat- 
affected base metal in composite 
specimens are presented in Fig. 9.* 
In this illustration, a difference 
between the relative toughness of 
the Grade 230 weld metal and heat- 
affected base metals in the high- 
and low-hardness armor materials 
is readily evident. Heat-affected 
base metal in both the Mn-Mo and 
Ni-Cr-Mo armors, at least over the 
major parts of the transition range, 
is indicated to be more notch sensi- 
tive than the weld metal. On the 
other hand, in composite tests with 
the Ni-Cr armor, the heat-affected 
base metal is indicated to be con- 
siderably less notch sensitive than 
the weld metal. By superimposing 
the weld-metal transition curves of 
Fig. 9, it was noted that approxi- 
mately the same transition curve 
was obtained irrespective of the base 
metal in which the weld metal was 


* Because impact-energy values are not directly 
useful in determining relative notch toughness of 
weld and heat-affected base metal, the composite 
energy-temperature transition curves, obtained 
as a matter of course during fracture of the test 
specimens, have been appended for possible 
reference (see Fig. 15 


deposited. Thus. toughness of weld 
heat-affected zones in the low- 
hardness armor was shown to be 
considerably better than in either 
high-hardness armor. 

Certain observations with regard 
to H-plate performance can be made 
from Figs. 7and 9. First, one might 
predict that weld-metal cracking 
rather than plate or heat-affected 
base-metal cracking would occur in 
the Ni-Cr H-plates tested at —40° 
F. H-plate results were consistent 
with this prediction of no plate 
cracking; however, numerous cases 
of “‘fusion-zone”’ cracking were re- 
ported by Aberdeen Proving 
Ground. Such results are not neces- 
sarily inconsistent, since ‘“‘fusion- 
zone”’ cracking may indicate either 
heat-affected base metal or weld- 
metal failures (see footnote center 
of page 21-s). 

Secondly, because of the low, 
rather flat, transition curves for the 
Ni-Cr-Mo and Mn-Mo plate and 
heat-affected base metals, extensive 
plate and heat-affected base-metal 
cracking under ballistic shock might 
have been predicted. The predic- 
tion in one case appeared inconsist- 
ent with actual H-plate behavior in 
that no plate cracking occurred in 
the Ni-Cr-Mo armor; however, all 
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rounds fired produced some fusion- 
zone cracking. The Mn-Mo armor 
performed as might have been pre- 
dicted in that all rounds fired pro- 
duced excessive plate cracking. In 
connection with these results it 
should be recalled from Fig. 7 that 
the Ni-Cr-Mo steel had somewhat 
higher impact-energy values than 
the Mn-Mo armor at —40° F. 
Apparently, the greater toughness 
of the Ni-Cr-Mo base plate was 
reflected in the comparative H-plate 
performance. 

Following from the above, a third 
observation might have been made; 
viz., because of greater toughness of 
both base plate and heat-affected 
base metal, better over-all resistance 
to ballistic shock would be expected 
with the Ni-Cr armor than with 
either the Mn-Mo or Ni-Cr-Mo 
armor. The H-plate test results 
could not be used satisfactorily to 
determine the consistency of the 
latter observation because excessive 


10 FT-L8s 


TESTS AT ROOM TEMPERATURE 


leg cracking occurred in both the 
Ni-Cr and Ni-Cr-Mo H-plates 
welded with the Grade 230 elec- 
trodes. However, the observation 


was consistent with results in the 
Mn-Mo armor where excessive plate 
cracking occurred due to lack of 
toughness in the base metal. 


Low-blow Tests 

In connection with the lateral- 
deformation transition curves ob- 
tained with composite specimens, it 
should be noted that the curve for 
heat-affected base metal represents 
an integration of a gamut of struc- 
tures of varying strength, hardness 
and toughness levels. Thus, “low- 
blow” impact testing’? was em- 
ployed to determine which of the 
weld heat-affected zone structures 
was the most notch sensitive. 

The low-blow procedure consisted 
of striking each specimen with a 
low-energy impact blow so as to just 
initiate cracking without complete 


WELD METAL 
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Fig. 10—Low-blow tests of composite specimens of welds in the H-plate armors—ink- 


stain pattern shows cracking initiated by low blow. 


Location of most sensitive struc- 


tures is indicated by the leading edge of the ink stain 
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fracture of the test specimen. The 
desired magnitude of low blow was 
obtained by swinging the pendulum 
of a standard impact testing ma- 
chine from a calculated intermediate 
height. Following the initial blow, 
the specimens were stained with 
India ink containing a wetting agent 
which resulted in the liquid being 
drawn into the initiated crack by 
capillary action. After allowing 
time for the ink to dry, the speci- 
mens were fractured with a single 
full-capacity impact blow. Ink 
staining on the fracture face of the 
specimens indicated the location and 
extent of cracking occurring from 
the initial blow. 

Figure 10 shows results of tests 
conducted with 10 and 20 ft-lb 
initial blows at room temperature 
on composite specimens of each of 
the three armor materials. Absence 
of ink staining on specimens struck 
with a 10 ft-lb initial blow indicated 
that such a low blow was not suffi- 
ciently severe to initiate a crack. 
On the other hand, ink staining on 
specimens struck a 20 ft-lb initial 
blow showed not only initiated 
cracking but extensive propagation 
at certain locations. 

In connection with the fracture 
mechanics of composite specimens 
it should be noted from Fig. 10 that 
the ink staining was not symmetrical 
with respect to the centerline (mid- 
width) of the specimens. Thus, it 
must be concluded that the location 
of crack initiation and propagation 
was determined by the greater notch 
sensitivity of certain structures in 
the welded specimens rather than 
by geometrical considerations. 

From Fig. 10 it can be seen that 
the notch-sensitive structures were 
in the heat-affected base metal side 
of the test specimens in both the 
Mn-Mo and Ni-Cr-Mo armors, 
whereas crack propagation occurred 
primarily in the weld-metal side of 
the composite specimens in the 
Ni-Cr armor. Thus, the ink staining 
on the fracture surfaces of specimens 
impacted with a 20 ft-lb blow was 
consistent with the relative notch 
toughness of weld and heat-affected 
base metals as indicated by the 
deformation-temperature transition 
curves of Fig. 9. 

The location of the most notch- 
sensitive structures in which crack- 
ing initiated were indicated by the 
leading edge of the ink staining as 
shown in Fig. 11. The most notch- 
sensitive structures in the Mn-Mo 
and Ni-Cr-Mo armors occurred in 
the heat-affected base metals be- 
tween 0.045 and 0.070 in. from the 
fusion line in the Mn-Mo steel and 
between 0.020 and 0.080 in. from 
the fusion line in the Ni-Cr-Mo 





steel. In both cases, ink staining 
occurred in heat-affected zones pro- 
duced by the first weld pass. The 
most notch-sensitive structures in 
the composite specimen of the Ni-Cr 
armor were located in the weld 
metai (first pass of the two-pass 
weld) and in heat-affected metal 
just adjacent to the fusion line 
(within a distance of 0.020 in.). 
Moreover, ink staining in the com- 
posite specimen of the Ni-Cr armor 
occurred in the heat-affected zone 
of the second weld pass. 

Note from the photomicrographs 
in Fig. 11 that, in all cases, the most 
notch-sensitive regions occurred 
around the outer boundary of 
darkly etching heat-affected zones. 
The structures in these areas are 
the products of incomplete trans- 
formation resulting from short-time 
thermal cycles having peak tem- 
peratures in or near the range of 
critical transformation tempera- 
tures. Notch sensitivity in these 
regions has been noted previously 
in research on weld heat-affected 
zones in armor steels at Rensselaer 
Polytechnic Institute.*‘ In _ their 
recent work, the transition tempera- 
tures of heat-affected zone struc- 
tures produced by thermal cycles 
having peak temperatures in the 
intercritical range were shown to be 
more than 150° C (270° F) higher 
than those of the unwelded base 
metals. 

The reason for the difference in 
location of the most notch-sensitive 
structures in the first-pass heat- 
affected base metal in the Mn-Mo 
and Ni-Cr-Mo armors as opposed to 
the second-pass heat-affected weld 
metal and base metal in the Ni-Cr 
armor was not investigated. The 
problem of studying metallurgical 
effects produced by a gradient of 
thermal cycles associated with weld- 
ing is too complex to have been 
included in the scope of this report. 
The superior toughness of the Ni-Cr 
armor as compared with weld metal 
was undoubtedly involved. How- 
ever, in the photomacrograph of the 
Ni-Cr armor in Fig. 11, it can be 
seen that the darkly etching heat- 
affected zone produced by the first 
weld pass appears to have been 
almost obliterated by the second 
weld pass. In the Mn-Mo and 
Ni-Cr-Mo armors, the darkly etch- 
ing first-pass weld heat-affected 
zones are still visibly evident in the 
photographs. Since the times and 
peak temperatures of thermal cycles 
produced by welds deposited with 
a given procedure should have been 
essentially the same in all materials, 
it appears that differences between 
metallurgical characteristics of the 


heat-affected zone structures in the 
different types of armors may also 
have been involved. 

The metallurgical structures at 
locations corresponding to the deep- 
est penetration of cracking are 
shown in the photomicrographs in 
Fig. 11. The photographs were taken 
at the edge of fracture in the speci- 
mens which had been machined to a 
plane just below the base of the 
notch and normal to the fracture 


Wi-Cr-Mo 


ni-Cr 


face. The deep rounded depressions 
along the fracture edge at or between 
the arrows are reference impressions 
filed into the specimens to locate 
the point of crack initiation. The 
photomicrographs for the Mn-Mo 
and Ni-Cr-Mo armors include a 
panorama of the heat-affected zone 
from the weld metal at the extreme 
right-hand side to base metal beyond 
the darkly etching heat-affected- 
zone structures at the left. The 


Fig. 11—Location of most notch-sensitive microstructures in composite 
specimens—Arrows indicate the metallurgical structures at locations corre- 
sponding with the point of deepest penetration of cracking in low-blow tests 
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photomicrograph for the Ni-Cr spec- 
imen includes a panorama of the 
weld metal deposited with the first 
pass and the heat-affected zone 
adjacent to the fusion line. The 
outer limit of the darkly etching 
heat-affected zone produced by the 
thermal cycles of the second weld 
pass is at the extreme left in the 
illustration. 

The photomicrographs of the 
Mn-Mo and Ni-Cr-Mo armors in 
Fig. 11 are indicative of the problem 
of evaluating weld heat-affected 
zones. The entire gamut of struc- 
tures from the fusion line at the 
right to the white areas just inside 
the arrows at the left occurred in a 
band approximately '/;, in. wide in 
the actual welds. The metallurgical 
structures existing in this narrow 
band correspond to thermal cycles 
having a gradient of peak tempera- 
tures between approximately 1200 
and 2700° F. Thus, unless the 
leading edge of the ink-staining 
crack is pointed, as in the Mn-Mo 
specimen, it can safely be assumed 
only that the most notch-sensitive 
structures occur somewhere within 
the width of the leading edge of the 
crack. The relatively flat leading 
edge of ink staining in both the 
Ni-Cr-Mo and Ni-Cr armor speci- 
mens illustrate this problem. How- 
ever, as noted previously, one com- 
mon denominator in this study was 
the fact that the structures produced 
by thermal cycles with peak temper- 
atures in the intercritical range oc- 


curred within the leading edge of 


ink staining in all three materials. 
Thus, at least for the Mn-Mo and 
Ni-Cr-Mo armors, it appears that 
the most notch-sensitive structures 
may be produced by the welding 
thermal cycles associated with in- 
complete transformations. 

A number of low-blow tests of 
composite specimens in each ma- 
terial were conducted, using a 15 
ft-lb initial blow, over a range of 
temperatures to determine the effect 
of temperature on the extent and 
location of initial cracking.. Simi- 
larity of performance in composite 
specimens of both the Mn-Mo and 
Ni-Cr-Mo armors is evident in Figs. 
12 and 13. Note that in each case 
cracking was more extensive in heat- 
affected base metal at temperatures 
down to —40°C. At approximately 
-50° C, cracking became consider- 
ably more extensive in both weld 
and heat-affected base metal, and 
at —70° C the specimens fractured 
under the initial low blow. 

Performance of composite speci- 
mens in the Ni-Cr armor is shown 
in Fig. 14. Ink staining indicated 
that the weld metal was more notch 
sensitive than the heat-affected base 


BASE METAL 


WELD METAL 


Fig. 14—Crack propagation in low-blow tests of composite specimens with the 
Ni-Cr armor—Specimens impacted with 15 ft-lb initial blow at temperature shown 


metal. At approximately —60° C, 
an increase in stained area at the 
weld-metal side of the test specimen 
indicated a transition. Note that 
the ink staining extended even to the 
free surface at the side of the speci- 
men indicating that the weld metal 
deposited in the second pass was 
also crack-sensitive at this tempera- 
ture. A similar transition for the 
heat-affected base metal occurred at 
approximately —90° C. At —100 

C the composite specimen fractured 
under the initial low blow. 


Discussion 


Composite-test Results 

The principal objective of the 
composite tests was to determine 
whether the test results could be 
used for predicting H-plate per- 
formance. ‘Two outstanding results 
obtained in this investigation were 
significant in this respect. First, 


the reversal of positions in lateral- 
deformation transition curves left 
little doubt as to the relative notch 
toughness of weld metal and heat- 
affected base metal in the different 


type armors. Secondly, the re- 
versal about the fusion line of ink 
staining in the low-blow tests of 
composite specimens offered con- 
clusive evidence on whether the 
weld metal or heat-affected zone 
was predominant in determining 
initial location of cracking. 
Low-blow testing (see Table 3 
indicated crack-propagation tran- 
sitions (temperature at which de- 
cisive increase in ink staining under 
low-blow occurred). The results 
of Table 3 indicate that the tem- 
perature of —40° C at which the 
H-plate tests were conducted was 
very close to the transition from 
ductile to brittle behavior for the 
weld metal as well as for heat- 
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Tabie 3—Comparison of Transition 
Temperatures 


Transition temperature, ° C 
Weld Heat-affected 
metal zone 

—50 to —60 —50 to —60 

—50 to —70 —50 to —70 

—40 to —60 —80 to —90 


Base 

Metal 
Mn-Mo 
Ni-Cr-Mo 
Ni-Cr 




















Temperature (°c) 


Fig. 15—iImpact-energy transition curves 
for composite specimens of welds in the 
H-plate armors 


affected base metal in both the 
Mn-Mo and Ni-Cr-Mo armors. 
Thus, the excessive cracking oc- 
curring in the H-plates of these 
armors probably resulted from bal- 
listic testing near the transition 
temperatures. However, unlike the 
Mn-Mo armor in which cracking 
propagated extensively in the base 


metal, crack propagation in the 
H-plates of Ni-Cr-Mo armor oc- 
curred entirely in the weld and 
heat-affected zone structures. Ap- 
parently the Ni-Cr-Mo armor base 
metal had sufficient toughness to 
resist crack propagation at the 
H-plate testing temperature. This 
performance was consistent with 
the impact-test results (see Fig. 7) 
in which slightly lower transition 
temperatures were observed for 
the Ni-Cr-Mo armor than for the 
Mn-Mo armor. Thus, in the Ni- 
Cr-Mo armor, H-plate cracking 
occurred as leg cracking in weld 
metal or heat-affected (fusion-zone) 
structures which were more notch 
sensitive than the base plate. 

The correlation between com- 
posite low-blow tests and H-plate 
behavior in the Ni-Cr armor was 
less apparent since the firing records 
indicated extensive ‘“‘fusion-zone” 
cracking. The low-blow results in 
Fig. 14 indicated notch sensitivity 
in weld metal at —40 to —60° C. 
However, in Fig. 11, the most 
notch-sensitive structures included 
heat-affected base metal contiguous 
to the fusion line. These results 
appear consistent with the H-plate 
performance although the degree of 
correlation is indeterminate without 
extensive study of H-plate cracking 
to determine location of initiation 
and propagation. 

Exact correlation of low-blow 
composite results with H-plate per- 
formance was not anticipated, be- 
cause detailed macroscopic or micro- 
scopic information pinpointing crack 
initiation and the location of orig- 
inal propagation in the ballistic test 
plates was lacking; also, because 
the laboratory tests involved dif- 
ferent electrodes and welding pro- 
cedures. However, from the ap- 
plicable sketches in the Aberdeen 
Proving Ground Firing Records, 
excellent correlation of composite 
and H-plate results is indicated 
since H-plate cracking in every 
case appeared to initiate either in 
weld metal or heat-affected zone 
structures contiguous to the fusion 
line. The composite test results 


not only indicated notch sensitivity 
around the fusion line but, more- 
over, pinpointed the location of the 
most notch-sensitive structures. 
Further studies are required to 
determine whether composite test 
results have reproducible signifi- 
cance correlating with the critical 
locations for crack initiation in 
actual welded joints. It is recom- 
mended that such studies be in- 
cluded whenever possible in future 
programs on evaluation of the 
toughness in welded joints. 


Conclusions 

Interpretation of H-plate test 
results was complicated by the 
unknown effects of material hard- 
ness and toughness on weldment 
performance. The wide differences 
in chemical composition and hard- 
ness which are characteristic of 
different types of armors were 
evident in this investigation. How- 
ever, in the laboratory tests which 
were conducted, correlation was 
found between toughness in V- 
notch Charpy-impact tests and H- 
plate ballistic performance. The 
relative performance of the armor 
base metals was consistent with 
toughness as determined from 
Charpy-impact transition curves. 
Composite-impact tests provided an 
indication of the relative toughness 
of welds in the three armor base 
metals. Furthermore, the com- 
posite results appeared to correlate 
with location of crack initiation 
and temperatures corresponding to 
start of crack propagation for the 
H-plate conditions investigated. 
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Impact Characteristics of Heat-Affected Zones 
in Mn-Mo Armor Steels 


Four armor steels are studied to determine the 
effects of weld thermal cycles on the notch toughness 
of the partially austenitized regions of the 

weld heat-affected zones 


BY E. F. NIPPES, W. F. SAVAGE AND J. M. PAEZ 


ABSTRACT. Utilizing the RPI syn- 
thetic-specimen technique, four Mn-Mo 
armor steels were studied to determine 
the effects of weld thermal cycles on 
the notch toughness of the partially 
austenitized regions of the weld heat- 
affected zones. Three major areas 
were investigated in this study. 


1. The effect of weld thermal cycles 
involving peak temperatures 
within and slightly above the 
transformation critical range on 
impact behavior and microstruc- 
ture. 

2. The effect of multiple thermal 
cycles, simulating multipass weld- 
ing, on impact behavior and mi- 
crostructure. 

3. Correlation of impact behavior 
with microstructure. 


All four steels investigated suffered 
a considerable decrease in impact 
strength at room temperature when ex- 
posed to thermal cycles with peak tem- 
peratures in the range of 1350—1600° F. 
The ductility-transition temperature, 
based on an absorbed energy of 10 ft- 
lb, was markedly raised by the expo- 
sure to weld thermal cycles with peak 
temperatures within the critical range 
of 1350-1450° F. The transition tem- 
perature for the steels was raised by 
from 41° C (74° F) to as much as 
176° C (317° F) after exposure, the 
greatest change being caused by the 
thermal cycle with a peak temperature 
of 1350° F (just above the Ac). 

All the steels, after exposure to 
thermal cycles with 1350-1600° F 
peak temperatures, exhibited banded, 


E. F. NIPPES, W. F. SAVAGE and J. M. PAEZ 
are associated with the Metallurgy Dept., Rens- 
selaer Polytechnic Institute, Troy, N. Y. 


multiplex microstructures 
of ferrite, carbide and high-carbon 
martensite. The poor impact be- 
havior of the steels was attributed to 
this multiplex, banded microstructure. 

When the portion of the weld heat- 
affected zone exhibiting the poorest 
impact properties was subjected to a 
second thermal cycle with a 1000° F 
peak temperature, thus simulating the 
effect of a second weld pass, complete 
restoration of notch ductility resulted. 
In fact, the application of the second 
thermal cycle resulted in lower transi- 
tion temperatures and higher room- 
temperature impact strengths than 
were associated with the original, as- 
received materials. 


consisting 


Introduction 


In a_ previous investigation, 
instrumentation was developed for 
determining continuous-cooling- 
transformation diagrams suitable for 
evaluating the effect of arc-weld 
cooling rates on the base metal in 
the weld heat-affected zone. At 
that time, continuous-cooling-trans- 
formation diagrams were deter- 
mined for four Mn-Mo armor steels, 
and a preliminary study was made 
of the effect of the rate of heating on 
the transformation temperatures. 

Since a mixture of martensite and 
other transformation products in the 
weld heat-affected zone in steel is 
considered to be metallurgically de- 
leterious to notch toughness, infor- 
mationc oncerning the continvous- 
cooling transformation of steels 
should prove very usefui in inter- 
preting the effects of weiding. Pre- 





Table 1—Analyses of Steels 


Heat No. 
JLJL-0531 
JLJL-0181 
JLJL-0303 
JLJL-0274 


vious work? on the effect of weld 
thermal cycles on the notch sensi- 
tivity of armor steels revealed that 
the impact strength is seriously im- 
paired in regions of the weld heat- 
affected zone which experienced 
peak temperatures within the criti- 
cal range, that is, between the A,, 
and A,; temperatures. The present 
investigation constitutes a further 
study of the extent of impairment of 
notch toughness of armor plate 
caused by weld thermal cycles 
within and slightly above the critical 
temperature range. 


Object 

The objects of the present investi- 
gation were: (1) to study the effect 
of weld thermal cycles involving 
peak temperatures within and 
slightly above the transformation 
critical temperature range upon the 
toughness of the heat-affected zone 
of four Mn-Mo armor steels, (2) to 
correlate the notch toughness be- 
havior with microstructure and (3 
to study the effect of multiple ther- 
mal cycles, simulating multipass 
welding, on the impact behavior and 
microstructure of the above Mn-Mo 
armor steels. 


Material 


The armor steels used in this in- 
vestigation were obtained through 
the Detroit Arsenal and Chicago 
Crdnance District. The analyses of 
these steels, as supplied by Water- 
town Arsenal, are given in Table 1. 








0.16 
0.18 
0.20 
0.18 


Ss B Cr V 
0.013 0.0002 Trace 

0.013 0.0002 0.02 Nil 
0.016 0.0005 Trace Nil 
0.012 0.0003 0.02 Nil 
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Table 2—Critical Temperatures 
of Four Mn-Mo Steels 


Critical 
temperature, 
as A.,° 
Heat JLJL-0531 
(Steel AR) 
Heat JLJL-0181 
(Steel AB) 
Heat JLJL-0303 
(Steel LR) 
Heat JLJL-0274 
(Steel MP) 


A. s* A. ? A.” 


1337 1427 1335 1455 
1341 1400 1350 1475 
1337 1445 1330 1465 


1340 1409 1350 1465 





@ Critical temperatures determined by the dif- 
ferential-thermocouple method at near-equilib- 
rium conditions. 

Critical temperatures determined with the 
RPI high-speed dilatometer, employing a heating 
rate equivalent to actual weld heating rates. 


The A, and A; critical tempera- 
tures for these four steels are pre- 
sented in Table 2; these data are 
given for two conditions: 


1. Near-equilibrium (A.,, A.;) de- 
termined by the differential- 
thermocouple method. 

2. Nonequilibrium (A,;, A.;) de- 
termined with the RPI high- 
speed dilatometer employing 
a heating rate equivalent to 
actual weld heating rates. 


Procedure 


To evaluate the notch toughness 
of steels on the basis of micro- 
structure, it was necessary to repro- 
duce the precise microstructure 


existing at any point in a weld heat- 
affected zone. Utilizing the ther- 
mal-cycle data and the synthetic- 
specimen technique,’ it was possible 
to prepare test specimens having 
microstructures corresponding to 
any desired point in the heat-af- 
fected zone of a weld. 

The “high-speed time-tempera- 
ture controller,’ developed and 
constructed at the RPI Welding 
Laboratories, was used to reproduce 
weld thermal cycles in oversize 
Charpy blanks. The features of the 
controller have been described in 
the literature. * 

Reference cams were constructed 
for thermal cycles with peak tem- 
peratures of 1350, 1400, 1450, 
1500, 1550 and 1600° F. These 
thermal cycles were based on an 
energy input of 47,000 joules per 
inch for '/:-in. steel plate welded 
with no preheat. This energy input 
was chosen as representative of 
normal manual welding conditions 
for welding '/.-in. armor plate. 
The instantaneous temperatures 
have been plotted as a function of 
time for the weld thermal cycles 
with peak temperatures of 1600, 
1450, 1350 and 1000° F in Fig. 1. 

Specimens for heat treatment 
were prepared from ‘'/.-in. as- 
received plate stock. Blanks, 0.42 x 
0.42 x 3.0 in., were machined from 
the plates with the length of the 
specimen parallel to the rolling 
direction. A chromel-alumel ther- 





CURVE 
°F 


a3 


PEAK 


d Sp 
IN SEC 


mocouple was percussion welded to 
the surface of the blank prior to 
mounting the specimen in the heat- 
treating machine. Sufficient speci- 
mens of each steel were subjected to 
each of the thermal cycles to pro- 
vide adequate data from which 
impact strength vs. test tempera- 
ture curves could be determined. 
One additional specimen of each 
steel was prepared at each thermal 
cycle for metallographic examina- 
tion. 

The blanks were then machined 
to finished dimension, and _ the 
standard Charpy vee-notch was 
ground in each with the root normal 
to the original plate surface. After 
an aging time of 28 days + 24 hr 
at room temperature, the speci- 
mens were tested in impact in a 
220 ft-lb impact-testing machine. 

At least two duplicate specimens 
were tested at each of the testing 
temperatures spaced over the range 
—196° C (-—321° F) to +140° C 
(284° F) according to the tempera- 
ture of transition from ductile to 
brittle fracture. To obtain speci- 
men temperatures between — 100° C 
(—148° F) and —160° C (—256° F) 
a liquid bath of 2-methyl butane 
was cooled with liquid nitrogen. 
Additional specimens were im- 
mersed in liquid nitrogen in order 
to achieve a temperature of —196° 
C (-—321° F). Temperatures of 
—100° C (-148° F) to 0° C 
32° F) were obtained by means of 
a propy! alcohol bath cooled with 
liquid nitrogen. For the elevated- 
temperature tests, water was used 
up to 80° C (176° F) and silicone 
oil was employed for temperatures 
above 80° C. The temperatures 
of the testing solutions were meas- 
ured with laboratory thermometers. 
The ductility-transition tempera- 
tures, defined as the temperature at 


A 1600 
8 1450 
c 1350 
D 1000 


0.340 
0.352 
0.363 
0.435 


4.25 
4.75 
5.15 
765 


which a specimen can absorb 10 
ft-lb of impact loading, were de- 
termined from the impact-strength 
vs. test-temperature curves derived 
from the test data. 

As part of this investigation, it 
was desired to determine the effect 
of an additional thermal cycle of 
low peak temperature on the impact 
behavior of specimens which had 
been previously subjected to a 
thermal cycle with a peak tempera- 
ture of 1350° F, the thermal cycle 
found to produce the most severe 
embrittlement. Therefore, a group 
of Charpy blanks from each of the 
four steels was subjected to a 
thermal cycle with a 1350° F peak 
temperature, followed by a second 
thermal cycle with a 1000° F peak. 
The latter thermal cycle, also based 
upon a weld energy input of 47,000 
joules per inch, duplicated the effect 
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of the second pass of a multiple-pass 
weld. 

The elapsed time between the 
1350° and the 1000° F peak tem- 
perature thermal cycles was 24. 
hr. The specimens were then 
finish-machined, and, after an aging 
time of 28 days 24 hr, were 
broken in impact. Sufficient speci- 
mens were tested to establish the 
transition temperature curves for 
each steel, and an additional speci- 
men was also prepared from each 
steel for metallographic examina- 
tion. 
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Results 
Figures 2 to 5 show the impact 
behavior for steels AR, AB, LR 
and MP, respectively. The condi- 
tion of the material in each case is 
identified in the upper right corner 
of each plot with only peak tempera- 
ture being specified to identify the 
thermal cycle employed. To facili- 
| —~ pone i a } ; 4 tate comparison, a summary plot 
we ad Bae 3 of ductility-transition temperature 
, a as a function of peak temperature 
vais experienced during the thermal cycle 
is presented in Fig. 6 for all four 
vaso+F PEAK /| 
OUCTILITY TRANSITION... P ty TRANSITION 
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1430 +F Fenn | Figures 7 to 10 show results of the 
impact tests on specimens of steels 
AR, AB, LR and MP, respectively, 
after exposure to the double thermal 
cycle described in the procedure 
section. 

A complete summary of the 
thermal cycles to which each steel 
was exposed, and the values of the 
ductility-transition temperature re- 
sulting after exposure is contained 
in Table 3. 

Representative microstructures 
are shown in Figs. 11 to 18 for speci- 
mens of steel AB after exposure to 
weld thermal cycles. Metallo- 
graphic examination of specimens 
- ie J -— W “ae from the other steels indicated es- 
- sentially the same type of micro- 
structure in each case. 

Vickers Pyramid hardness meas- 
urements, made on the specimens 
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TEMPERATURE, °C TESTING TEMPERATURE °C 


Fig. 2—iImpact strength as a function 
of testing temperature, steel AR (Heat 
JLJL-0531) 


Fig. 3—Impact strength as a function 
of testing temperature, steel AB (Heat 
JLJL-0181) 


of each steel set aside for metallo- 
graphic examination, are recorded 


in Table 4. 





Table 3—Ductility-transition Temperature, ° C, for Indicated Peak Temperature 


Energy input: 47,000 Joules perinch. Initial plate temperature: 72° F 





—Peak temperature, ° F———_______ 
1500 1450 1400 1350 As-recd 
+28 +21 +49 +116 —45 
—49 —16 +29 +109 —67 
—16 0 +30 +77 —49 
—20 +5 +7 +95 —54 


1600 
+31 
—20 
—41 
—20 


1550 
+29 
—42 
—22 
—30 


Heat JLJL-0531 (Steel AR) 
Heat JLJL-0181 (Steel AB) 
Heat JLJL-0303 (Stee! LR) 
Heat JLJL-0274 (Steel MP) 





@ Double heat treatment: 1350° F peak temperature followed by a 1000° F peak thermal cycle 
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Discussion of Results 


Figures 2 to 5 each consist of seven 
plots of impact strength as a 
function of testing temperature. 
The first plot (A) in each case 
represents the impact strength as a 
function of testing temperature 
for as-received material, while each 
of the other six (B-G) presents 
similar data for the same material 
after exposure to a particular weld- 
thermal cycle.* Only the peak 
temperature of the thermal cycle 
under study is customarily specified 
for the purpose of identification, 
and each plot has been labeled 
accordingly. 

Comparison of the  impact- 
strength curves for the as-received 
plate with similar curves obtained 
after exposing the same material 
to each of the six weld thermal 
cycles studied, reveals the following 
generalities: 

1. The ductility-transition tem- 
perature of the as-received material, 
taken as the testing temperature 
at which an impact strength of 10 
ft-lb was observed, varies from a 
low of —74° C (—101° F) for steel 
AB to as high as —45° C (—49° F) 
for steel AR. (A convenient sum- 
mary of all the observed ductility- 
transition temperatures’ will be 
found in Table 3.) However, the 
reason for the observed differences 
in transition temperature for the 
as-received steel was not evident 
from either the chemical analysis 
or the microstructure. 

2. The room-temperature (20° C) 
impact strength of all four heats was 
reduced significantly below that of 
the as-received material by each of 
the six different thermal cycles 
investigated. While the as-received 
materials exhibited room-tempera- 
ture impact strengths of from 33 
ft-lb for steel AB to 20.5 ft-lb for 
steel LR, after exposure to the 
weld thermal cycles with peak 
temperatures in the range 1600 


* For comparison purposes, data for as-received 
material are shown as a dashed curve on each of 
these plots 
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of testing temperature, steel LR 
(Heat JLJL-0303) 
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Fig. 5—Impact strength as a function of 
testing temperature, steel MP 
(Heat JLJL-0274) 





Table 4—Vickers Pyramid Numeral for Indicated Peak Temperature 


Energy input: 47,000 Joules per inch. 


Heat JLJL-0531 (Steel AR) 
Heat JLJL-0181 (Steel AB) 
Heat JLJL-0303 (Steel LR) 
Heat JLJL-0274 (Steel MP) 


1600 


Initial plate temperature: 72° F 





373 
477 
410 
390 


1550 1500 1450 
425 434 381 
487 439 462 
405 418 379 
390 399 369 


Peak temperature, ° F 


1400 
372 
467 
396 
387 





1350 As-recd. 
372 362 
411 360 
310 371 
379 391 
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1350° F peak temperature followed by a 1000° F thermal cycle. 





1350° F, a 32-75% reduction in 
room-temperature impact strength 
was observed. 

3. In general, after exposure to 
thermal cycles with peak tempera- 
tures from 1350 to 1600° F, the 
degree of impairment of the impact 
properties varied inversely with 
peak temperature. For example, 
reference to the ductility-transition 
temperatures summarized in Table 3 
and Fig. 6 reveals that, in all cases, 
the transition temperature was high- 
est after exposure to the thermal 
cycle with a peak temperature of 
1350° F. Further inspection re- 
veals that the transition tempera- 
ture tends to decrease markedly as 
the peak temperature of the thermal 
cycle under study is increased. 
Comparison of Figs. 2-5 illustrates 
that a similar trend is evident in the 
room-temperature impact-strength 
values, the least impairment in 
impact strength being associated 
with the 1600 and 1550° F peak 
thermal cycles, and the greatest 
impairment, with the 1350° F peak 
thermal cycle. 

4. The greatest rate of change in 
transition temperature with change 
in the peak temperature of the 
thermal cycle was observed for the 
50° F range of temperatures just 
above the A.;. This can be readily 
verified by noting the steep slope of 
the plot of ductility-transition tem- 
perature as a function of the peak 
temperature of the thermal cycles 
in the 1350—1450° F region of Fig. 6. 
For example, exposure of steel LR 
to a thermal cycle with a peak 
temperature of 1350° F raised the 
transition temperature to +77° C 
(+171° F) while exposure to a 
thermal cycle with a 1400° F peak 


temperature only raised the tran- 
sition temperature to +30° C 
(+86° F). 

5. For a particular steel, the 
transition temperatures associated 
with specimens subjected to thermal 
cycles with peak temperatures from 
slightly above the A.; to 1600° F did 
not differ as markedly. For ex- 
ample, again referring to Fig. 6 and 
Table 3, steel LR exhibited transi- 
tion temperatures of —16° C (+3°‘ 
F), —22° C (-—7° F) and —41° C 
(—42° F) after exposure to thermal 


cycles with peak temperatures of 
1500, 1550 and 1600° F, respec- 
tively. 

The severe impairment of the 
impact strength and the accompany- 
ing increase in transition tempera- 
ture at the 10 ft-lb level may be 
explained on the basis of the micro- 
structure. Previous work! has sum- 
marized the transformational be- 
havior of a section in the heat- 
affected zone of a weld both for the 
case of peak temperatures in the 
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intercritical temperature range and 
for the case of peak temperatures 
above the upper critical tempera- 
ture. 

The microstructure of the weld 
heat-affected zone in a particular 
steel depends both upon the heating 
conditions associated with the for- 
mation of austenite, and upon the 
cooling conditions associated with 
the transformation of austenite to 
room-temperature products. In 
general, the faster the rate of heating 
to the austenitizing temperature 
and the lower the austenitizing 
temperature, the greater will be the 
likelihood of forming inhomogeneous 
austenite. Since both rapid heating 
and short austenitizing times are 
characteristic of all thermal cycles 
associated with the weld heat- 
affected zone, it is to be expected 
that weld thermal cycles with peak 
temperatures in the _ intercritical 
temperature range will produce a 
particularly inhomogeneous form 
of austenite. 

When the original microstructure 
is comprised of tempered martensite, 
the rapid heating rates experienced 
in the weld heat-affected zone do 
not appreciably change the A., 
temperature—a fact which was ex- 
perimentally verified in a previous 
report.' It appears that the ferrite 
immediately adjacent to the carbide 
particles in the tempered martensite 
is able to experience the eutectoid 
transformation without requiring a 
measurable diffusion time, as a 
result of the extremely small mean 
free path for carbon migration. 
However, previous work! also dem- 
onstrated that the A.,; temperatures 
ranged from 20 to 75° F higher than 
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Fig. 9—Impact strength as a function of testing temperature 

steel LR; exposed to two thermal cycles, 1350° F peak 

temperature followed by 1000° F peak temperature 


150 


steel MP; exposed to 
temperature followed 


the corresponding A.; temperatures 
for the four steels employed in the 
present investigation. (The values 
of the A.;, A.;, Ac. and A.; for the 
four steels are found in Table 2.) 
This apparently results from the 
more sluggish homogenization pro- 
cess accompanying the complete 
transformation to austenite. Since 
the process of homogenization in- 
volves diffusion over greater dis- 
tances than was necessary to initiate 
the eutectoid transformation to 
austenite, the effective A.; tem- 
perature is therefore measurably 
influenced by the rate of heating. 

In view of the above behavior, 
it is not surprising that the portions 
of the weld heat-affected zone ex- 
periencing peak temperatures in the 
1350-1450° F intercritical range 
experience severe impairment in 
impact behavior. The reasoning 
may be summarized as follows: 

1. The A., (the effective value of 
the eutectoid transformation tem- 
perature for nonequilibrium heating 
rates) is not significantly altered 
from the A,,; (the equilibrium eu- 
tectoid transformation temperature) 
for any of the heating rates normally 
encountered in the heat-affected 
zone of an arc weld. 

2. In view of this fact, the first 
austenite to form during any weld 
thermal cycle is essentially of eu- 
tectoid carbon content. 

3. The remaining areas, being 
lower in carbon, would be trans- 
formed completely to austenite only 
at temperatures above the A; 
temperature. 

4. Complete homogenization of 
the austenite is not accomplished 
with the rapid thermal cycles ex- 
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Fig. 10—iImpact strength as a function of testing temperature, 


two thermal cycles, 1350° F peak 
by 1000° F peak temperature 


perienced during arc welding until 
peak temperatures well in excess 
of the A.; are attained. The band- 
ing evident in the microstructures 
of steel AB, shown in Figs. 14, 15, 
16 and 17 (peak temperatures of 
1450, 1500, 1550 and 1600° F, 
respectively) confirms this fact. 

5. Therefore, it follows that the 
microstructure which exists near 
the peak of thermal cycles with peak 
temperatures between 1350° and 
1450° F must also be inhomo- 
geneous. In fact, the microstruc- 
ture consists of austenite of various 
carbon contents, up to nearly eu- 
tectoid composition, plus some un- 
transformed material for peak tem- 
peratures between the A., and A.;. 

6. On cooling, the weld cooling 
rates are sufficiently rapid to trans- 
form the higher carbon austenite to 
a hard, brittle, high-carbon marten- 
site, while the non-austenitic areas 
undergo essentially no change, and 
the lower carbon austenite may 
experience a split transformation. 

7. Such a mixed microstructure, 
consisting of martensite of varying 
carbon content, coupled with ferrite 
and other transformation products 
would provide an adequate ex- 
planation of the observed poor 
impact properties. 

Figures 12 to 17, representative 
microstructures at 500 magnifica- 
tion produced by subjecting a series 
of samples of steel AB to weld ther- 
mal cycles of differing peak tempera- 
ture, support the above reasoning. 
Figure 11 represents the as-received 
microstructure and may be seen to 
consist of tempered martensite. 
Figures 12, 13 and 14 represent the 
microstructures produced by weld 
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Fig. 11—Steel AB, as-received, VPN 360, 


2% picral-0.5% nital etch. x 500. (Re- 
duced by '/; upon reproduction) 


Fig. 12—Specimen of steel AB cooled 
from 1350° F peak temperature, VPN 
411, 2% picral-0.5% nital etch. x 500. 
(Reduced by '/; upon reproduction) 


Fig. 13—Specimen of steel AB cooled 
from 1400° F peak temperature, VPN 
467, 2% picral-0.5% nital etch. x 500. 
(Reduced by '/,; upon reproduction) 


Fig. 14—Specimen of steel AB cooled 
from 1450° F peak temperature, VPN 
462, 2% picral-0.5% nital etch. x 500. 
(Reduced by '/; upon reproduction) 


thermal cycles with peak tempera- 
tures of 1350, 1400 and 1450° F, 
respectively. Comparison reveals 
that the amount of martensite 
gray areas) increases as the peak 
temperature is increased, reflecting 
the fact that the transformation to 
austenite on heating is more nearly 
complete the higher the peak tem- 
perature. The decrease in the 
amount of ferrite (white etching 
and carbide (dark spheroidal parti- 
cles), caused by tempering the 
original martensite on heating, is 
further evidence that the amount of 
untransformed material decreases 
with increase in peak temperature 
up tothe A 

Figures 15, 16 and 17, respec- 
tively, represent the microstructures 
produced by weld thermal cycles 
with peak temperatures of 1500, 
1550 and 1600° F, all of which are 
above the A.; temperature of 
1455° F reported in Table 2. 
The banded appearance of the 
microstructure in these figures re- 
flects the inhomogeneity of the 
austenite on a relatively gross scale, 
a condition which may be seen to 
persist even with a peak tempera- 
ture of 1600° F, 145° F above the 
A.;. This fact indicates not only 
that diffusion at the elevated tem- 
perature has been limited, but also 
that the as-received structure is not 
as homogeneous as it appears in 


Fig. 11. Nippes and Nelson‘ ob- 
served similar banded structures in 
an investigation of the transforma- 
tional behavior of Mn-Mo armor 
steel, and attributed this condition 
to inhomogeneities inherently pres- 
ent in commercial quenched-and- 


tempered armor steel. Such in- 
homogeneities probably contribute 
to the impairment of the impact 
properties, particularly in the por- 
tions of the weld heat-affected zone 
experiencing peak temperatures in 
the intercritical range where high- 
carbon martensite is produced. 
Figures 14 to 17 show areas of 
primary ferrite formed in the re- 
gions of the banded structure which 
are apparently lower in harden- 
ability as a result of alloy segrega- 
tion. During the formation of this 
primary ferrite, the surrounding 
austenite is enriched in carbon, thus 
adding a second possible mechanism 
for the production of high-carbon 
martensite in the heat-affected zone. 
Previous work! on the transforma- 
tion behavior of the four steels used 
in the present study showed that 
weld energy inputs in the vicinity of 
47,000 joules per inch in ‘/,-in. 
plate invariably lead to a split 
transformation in the portion of the 
heat-affected zone experiencing peak 
temperatures between the A.; and 


Fig. 15—Specimen of steel AB cooled 
from 1500° F peak temperature, VPN 
439, 2% picral-0.5% nital etch. > 500. 
(Reduced by upon reproduction) 
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Fig. 16—Specimen of steel AB cooled 
from 1550° F peak temperature, VPN 
487, 2% picral-0.5% nital etch < 500. 
(Reduced by upon reproduction) 
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Fig. 17—Specimen of steel AB cooled 
from 1600° F peak temperature, VPN 
477, 2% picral-0.5% nital etch. X 500. 
(Reduced by upon reproduction) 


Fig. 18—Specimen of steel AB subjected 
to double heat treatment, VPN 356, 
2% picral-0.5% nital etch. xX 500. (Re- 
duced by '/; upon reproduction) 
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1600° F. Thus, a microstructure 
containing both primary ferrite and 
carbon-enriched martensite is prac- 
tically unavoidable, and, depending 
on the hardenability of the par- 
ticular steel, elevated-temperature 
transformation products other than 
ferrite may also be present. 

Lower energy inputs would re- 
sult in a faster cooling rate, thus 
reducing the amount of primary 
ferrite, but would not materially 
reduce the tendency for forming 
high-carbon martensite in the in- 
completely austenitized regions. 
Higher energy inputs and the appli- 
cation of preheat would produce 
slower cooling rates and thus more 
primary ferrite, but the adverse 
effects from this source might be 
partially offset by the increased 
amount of “‘self-tempering”’ of the 
martensite. However, no data 
are available to substantiate this 
conjecture in the present case. 

Table 4 summarizes the hardness 
levels produced in the four Mn-Mo 
armor steels by exposure to the 
various weld thermal cycles studied. 
it should be noted that exposure to 
weld thermal cycles with peak 
temperatures in the _ intercritical 
range caused an _ increase in 
hardness in all except steel MP. 
Although the as-received hardness in 
steel MP (VPN 391) was somewhat 
higher than the as-received hardness 
of the other three steels, the reason 
for its anomalous behavior is not 
immediately evident. The some- 
what lower Mo (0.37% instead of 
0.42-0.49°%) may be responsible for 
the lower hardnesses observed in 
steel MP, since Mo has a pro- 
nounced effect on the pearlitic 
hardenability. 

Exposure to weld thermal cycles 
with peak temperatures between the 
A.; and 1600° F caused hardness 
levels near the maximum obtain- 
able’ in all except steel MP, despite 
the fact that metallographic exam- 
ination revealed some ferrite in the 
microstructure. This may be taken 
as further evidence of the existence 
of carbon segregation in the mar- 
tensitic areas, since the maximum 
obtainable hardness of martensite is 
a function of the amount of carbon 
in solution. 

In view of the generally impaired 
impact properties shown by the four 
steels after exposure to the weld 
thermal cycles studied in this in- 
vestigation, a series of specimens of 
each steel were subjected to con- 
ditions simulating multipass weld- 
ing. The results of subjecting speci- 
mens to a weld thermal cycle with 
a peak temperature of 1000° F after 
prior exposure to a thermal cycle 
with a peak temperature of 1350° F 
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are shown in Figs. 7to10. The tran- 
sition temperatures observed after 
exposure to this double thermal 
cycle were in all cases lower than 
those for the as-received condition. 
Inspection of the column marked 
“DHT” in Table 3 reveals, in fact, 
that the simulated multipass weld 
lowered the ductility transition tem- 
perature by 79 to 99° C (142- 
178° F). 

In addition, it should be noted 
that the exposure to the thermal 
cycle with a peak temperature of 
1000° F restored the loss in room- 
temperature impact strength 
(dashed curve, 1350° F). In fact, 
impact strengths higher than those 
for the as-received material at room 
temperature (20° C) were obtained 
at temperatures considerably below 
room temperature after the double 
thermal cycle (dashed curve, as re- 
ceived). 

The explanation for the marked 
improvement in impact behavior is 
evident from examination of the 
microstructure after exposure to 
the second thermal cycle. Figure 
18 is a photomicrograph of a sample 
of steel AB after exposure to the 
double thermal cycle, and may be 
taken as representative of the 
microstructure observed in all four 
steels. Figure 18 illustrates that 
the marked improvement in impact 
behavior may be attributed to the 
increase in toughness and ductility 
caused by the tempering action of 
the second-pass thermal cycle. The 
microstructure consists of tempered 
martensite with the distribution of 
the carbide particles reflecting the 
presence of areas of high-carbon 
martensite as a consequence of the 
prior exposure to a weld thermal 
cycle with a 1350° F peak tempera- 
ture. The light-etching areas are a 
mixture of ferrite and tempered 
martensite of low-carbon content. 

Nothing apparent in either the 
microstructure or the chemical anal- 
ysis of the four steels was adequate 
to explain the observed differences 
between the four steels, although 
marked differences were found to 
exist. It is possible, however, that 
the variations in impact properties 
from steel to steel are a result of 
some minor difference in prior his- 
tory too small to have been assigned 
significance. 


Conclusions 


From the results of the studies on 
the impairment of notch toughness 
of Mn-Mo steels by weld thermal 
cycles with peak temperatures be- 
tween the A., and 1600° F, the 
following conclusions have been 
drawn. 


1. All four steels investigated 


suffered a considerable decrease in 
impact strength at room tempera- 
ture when exposed to thermal cycles 
with peak temperatures in the range 
of 1350-1600° F. The impact 
strengths observed after exposure 
ranged from 25 to 68% of the impact 
strength for as-received plate at 
room temperature. 

2. The ductility-transition tem- 
perature, based on an absorbed 
energy of 10 ft-lb, was markedly 
raised by the exposure to weld 
thermal cycles with peak tempera- 
tures within the critical range of 
1350-1450° F. The transition tem- 
perature for the steels was raised 
by from 41° C (74° F) to as much as 
176° C (317° F) after exposure, 
the greatest change being caused by 
the thermal cycle with a peak 
temperature of 1350° F (just above 
the A..). 

3. All the steels, after exposure to 
thermal cycles with 1350—1600° F 
peak temperatures, exhibited 
banded, multiplex microstructures 
consisting of ferrite, carbide and 
high-carbon martensite. 

4. Even in specimens heated to 
peak temperatures above the A.; 
temperature, the microstructure 
after cooling was composed of 
proeutectoid ferrite, carbide and 
high-carbon martensite. With peak 
temperatures below the A.;, un- 
transformed ferrite was present in 
the final microstructure in addition 
to proeutectoid ferrite, carbides and 
high-carbon martensite. 

5. The thermal cycles studied in 
this investigation, based on a weld 
energy input of 47,000 joules per 
inch with no preheat, invariably 
produced a multiplex microstructure 
in the weld heat-affected zones. 
Two factors contributed to the 
production of the multiplex struc- 
ture: 


(a) The cooling portions of all the 

thermal cycles studied were 
less rapid than the critical 
cooling rates for the four 
steels. 
With peak temperatures be- 
tween the A,., and A.;, un- 
transformed ferrite remained 
in the specimens. 


6. The poor impact behavior of 
the steels was attributed to the 


multiplex, banded microstructure 
resulting from the weld thermal 
cycles investigated. 

7. When the portion of the weld 
heat-affected zone exhibiting the 
poorest impact properties was sub- 
jected to a second thermal cycle 
with a 1000° F peak temperature, 
thus simulating the effect of a second 
weld pass, complete restoration of 
notch-ductility resulted. In fact, 





the application of the second ther- 
mal cycle resulted in lower transi- 
tion temperatures and higher room- 
temperature impact strengths than 
were associated with the original 
as-received materials. 
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The Welding Research Council is considered a 
successful organization for the conduct of cooper- 
ative research projects in the welding and closely 
allied fields. It has over the years developed 
certain basic methods of financing those projects 
which the Council has approved as being suitable 
for study. 

Perhaps these methods have been brought about 
by necessity rather than having been developed 
as the best method. The Council receives a bare 
minimum of general or unearmarked funds. 
These general funds are just sufficient, by exer- 
cising strict economy, to pay for general overhead 
items such as rent, salaries, postage, reproduction 
of reports, publications, accounting services etc. 
No unearmarked funds are available to cover the 
cost of research for project programs. How then 
does the Council secure such funds? 

First of all the Council will not approve a proj- 
ect unless some segment of industry or govern- 
ment has indicated that they regard this project 
as of considerable importance to them. This seg- 
ment of industry or a government department 
must indicate that they would be willing to put 
up '/,, '/3, or '/, the funds needed for the par- 
ticular program. If such support is not forthcom- 
ing the project is not undertaken. 


On the other hand, if '/; of the funds are pledged, 
the Council will undertake to raise the remaining 

from other branches of industry or government 
that are interested or should be interested in the 
problem. In raising the balance of funds the 
Council is aided by its scheme of committee or- 
ganization and method of developing its pro- 
grams. 

From the point of view of finances, the Council 
insists that the large contributors or prospective 


contributors be represented in the development of 


programs which will yield the kind of information 
desired. Here again the Council is loath to un- 
dertake a routine testing program. It tries to 
prevaii upon its committees to do a lot of thinking 
about the problem—to advance plausible hy- 
pothesis or to develop “theory”. Then the pro- 
gram is laid out with the thought that the experi- 
mental work will prove, disapprove or modify such 
hypothesis or theory. The test results are then 
more broadly applicable or significant. Code 
writing bodies and Engineers are more willing to 
accept the results. The programs now developed 
have general “sales” appeal. 
also more inclined to bid upon and undertake such 
programs. 


Universities are 
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An Investigation of Welded Crack Arresters 


Laboratory studies undertaken to investigate the 
possibility of halting a propagating brittle crack by 
directing it into a strake of tough steel 


BYR.J.MOSBORG 


ABSTRACT. This paper describes the 
laboratory studies undertaken to in- 
vestigate the possibility of halting a 
propagating brittle crack by directing it 
into a strake of tough steel. The major 
portion of the program has been con- 
centrated on tests of large-scale, 6-ft 
wide, steel-plate specimens. The ar- 
resting ability of two steels was in- 
vestigated at temperatures ranging pri- 
marily from —25 to +40° F and for 
average stresses ranging from 20,000 to 
33,000 psi. While longer crack lengths 
were developed in a few cases, the 
majority of the specimens permitted 
the brittle crack to propagate 12 in. be- 
fore encountering the arrester material. 
The width of the arrester strakes var- 
ied from 4 to 36 in. for one steel and 
from 6 to 60 in. for the other steel. 
Some of the specimens were instru- 
mented with strain gages to measure 
crack speed and strain pattern during 
the propagation of the brittle crack. 
Results from the large-scale crack-ar- 
rester tests are compared with data 
from drop-weight, explosion-bulge, 
and extensive Charpy V-notch tests for 
one of the arrester materials. 


Introduction 


Object and Scope 

Under service conditions, a common 
method of restricting the potentially 
extensive propagation of a brittle 
crack is to include discontinuities, 
such as riveted arresters, at selected 
locations throughout a_ structure. 
Although this method has proved 
satisfactory, the use of a tough 
material butt welded into a structure 
would be more desirable under 
certain circumstances. 

This program was undertaken to 
investigate the feasibility and ob- 
serve the behavior of welded crack 
arresters formed by including a 
butt-welded strake of tough ma- 
terial as an integral part of a speci- 
men. Others who have reported 
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some work in this area are Wells, 
Lane and Coates' and Hunter.’ 

The study was conducted on 
’/,-in. thick steel and was accom- 
plished by propagating a brittle 
crack, initiated by driving a wedge 
into a notch at the edge of the 
specimen, across a strip of rimmed 
steel into a strake of tough material. 
This strake of arrester material 
was butt welded to adjacent steel 
plates so as to form a continuous 
specimen. The major portion of 
the program consisted of tests of 
6-ft wide specimens in order that 
the laboratory tests would repre- 
sent actual service conditions as 
nearly as possible. The arresting 
ability of two steels was investi- 
gated: (a) specimens with alloy 
steel strakes (from 4 to 36 in. wide) 
were tested at temperatures ranging 
from —54 to +10° F and average 
stresses ranging from 25,000 to 
33,000 psi; (6) specimens with 
ABS Class C steel strakes (from 6 
to 60 in. wide) were tested at tem- 
peratures ranging from -—22 to 
+39° ¥ and average stresses ranging 
from 20,000 to 32,000 psi. In the 
majority of the specimens, the 
brittle crack propagated 12 in. 
before encountering the arrester 
material. 

For comparison with the crack- 
arrester results, several other types 
of tests were conducted on the ABS 
Class C steel. Drop-weight and 
Charpy V-notch tests were made 
on each plate and explosion-bulge 
tests were made on one of the 
plates of C steel used. The values 
of various Charpy criteria (absorbed 
energy, percent shear in the fracture 
area and percent lateral expansion 
at the fracture), plus the results 
from drop-weight and explosion- 
bulge tests, are compared with the 
data obtained in the tests of the 
crack-arrester specimens. 


Specimens and Materials 
The welded arrester specimens 


tested in this investigation were 
’/,-in. thick inserts composed of 
widths of starter, arrester and, 
where necessary, filler material to 
complete the 72-in. wide specimen. 
These inserts were then welded 
to the long pulling plates of a 
3,000,000-lb testing machine, pro- 
viding an over-all length of two to 
three times the width of the speci- 
men. In all cases, the direction 
of rolling was parallel to the speci- 
men axis and transverse to the 
direction of crack propagation. 

Brittle cracks were initiated in 
these specimens by using a gas- 
operated piston device (for a de- 
tailed description see Reference 3) 
to drive a tapered wedge into a pre- 
pared notch at the edge of the plate. 
After being initiated in this manner, 
the crack propagated across the 
width of starter material before 
encountering the strake of arrester 
material. 

The starter material, wherein a 
brittle crack could be initiated and 
propagated readily under laboratory 
conditions, was rimmed Steel E or Z 
with a Charpy V-notch 20 ft-lb 
value of about +70° F. The two 
arrester materials considered were 
steels T and C. Steel T was low- 
alloy T-1 steel with Charpy V-notch 
values of 20 ft-lb at about —150° F 
and 80 ft-lb at about —90° F. 
Steel C was ABS Class C killed and 
normalized steel with Charpy V- 
notch values of 20 ft-lb at —40 to 
—70° F and 60 ft-lb at +15 to 
+40° F. The filler material was 
Steel X, a semikilled steel, with 
Charpy V-notch values of 20 ft-lb 
at +15° F and 60 ft-lb at +70° F. 
The mechanical properties, chem- 
ical composition and Charpy V- 
notch impact results for all steels 
used are shown in Figs. 1, 2 and 3. 


Testing Technique 

The details of the testing pro- 
cedure and the instrumentation 
have been described previously.‘ 
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Fig. 1—Properties of rimmed steels 
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Fig. 2—Properties of semikilled and T-1 steels 
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TENSE TEST DATA 


DIRECTION YIELO ULTIMATE ELONGATION 
OF ROLLING STRENGTH STRENGTH IN 2 IN. 
KSI KS! * 
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Fig. 3—Properties of ABS-Class C normalized steel 





Table 1—Selected Tests of 6-ft Wide Welded-arrester 
Specimens Containing T-steel Strakes 
Width of Ma- Average Average 
Specimen terial, in. stress, tempera- 
(test) Starter Arrester ksi ture,° F Remarks 

STE-1 (4) 12 25.0 —35 Crack propagated 12 in. to weld. 

STE-2 (5) 12 25.0 +10 Crack propagated 12 in. to weld. 

STE-3 (6) 12 33.0 —13 Crack propagated 12 in. to weld. 

RRS-1 (7) Butt weld 30.0 —10 Complete fracture. 

only 

RTRS-1 (8) 4 a —5 Crack propagated 12 in. to weld. 

RTRS-2 (9) 4 t —54 Crack propagated 12 in. to weld and 
penetrated 0.8 in. into T steel. 

RTRS-3 (10) 4 , —39 Complete fracture. Far side 
slightly buckled. 

RTRT-1 (11) ' Crack propagated 24 in. to weld. 

RTRT-2 (12) y Complete fracture in about ten sec- 
onds. Extreme buckling on far 
side. 

RT-1 (13) ° i Crack propagated 36 in. to weld and 
penetrated 1.5 in. into T steel. 
No visible buckling. 

RT-2 (14) . Crack propagated 36 in. to weld and 
then along the weld for about 1 in. 
No visible buckling. 

RTR-1 (15) : Crack propagated 36 in. to weld and 
penetrated 1 in. into T steel. Ex- 
treme buckling on far side. 

RT-3 (16) , Crack propagated 48 in. to weld and 
penetrated 6 in. into T steel. 
Severe buckling occurred in the 
remaining 18 in. of T steel. 

RTRT-4 (18) , Crack propagated 36 in. to weld, 
crossed 4-in. strip of T steel and 
20-in. strip of Z steel, then pene- 
trated 1.5 in. into 12-in. strip of T 
steel. Extreme buckling on far 
side. 
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In all tests the notch-wedge-impact 
method of crack initiation was used 
and the impact that had been suffi- 
cient to initiate a crack in the pre- 
lininary tests of plain plates,* *‘ was 
used in most of the tests of arrester 
specimens. However, in a few of 
the arrester tests with C steel, an 
increased lateral impact was needed 
in order to initiate completely a 
brittle fracture when relatively 
warm temperatures and low applied 
stresses were used. Some of the 
specimens were instrumented with 
SR-4 strain gages in order to meas- 
ure crack speed and strain response 
during the tests. 


Test Results for 
6-ft Wide Specimens 


T-steel Arresters 

In these specimens 4-, 12-, 24- and 
36-in. wide strakes of T steel (butt 
welded with EI2015 electrodes) 
constituted the arrester. These ar- 
rester strakes were combined with 
1- to 4-ft widths of starter material 
(rimmed Steel E or Z) and, where 
necessary, a sufficient width of X 
steel to fill out a 6-ft wide speci- 
men. For example, the sketch at 
the top of Fig. 4 shows a specimen 
composed of a 4-ft width of Z steel 
and a 2-ft width of T steel. 

As can be seen in Table 1, the 





general results of the tests of speci- 
mens where different widths of T 
steel are combined with various 
crack lengths may be summarized 
as follows: (a) a 4-in. width of T 
steel arrested a 24-in. long crack 
(see Fig. 5a) but could not arrest 
a 36-in. long crack; (6) a 12-in. 
width of T steel was penetrated 
approximately 1 in. by a crack that 
had traveled 36 in. (see Fig. 5b) 
and (c) a 24-in. width of T steel 
was penetrated about 6 in. by a 
crack which had propagated 48 in. 
In specimens where 3- and 4-ft long 
cracks were developed, the accom- 
panying eccentric load and buckling 
at the far edge of the specimen 
apparently resulted in penetration 
of the arrester material by the 
propagating crack.® ° 

The instrumentation locations 
and a typical record for Test 16 
can be seen in Fig. 4. In general, 
the speed-detector gages were 
mounted at selected intervals across 
the width of starter material and the 
dynamic strain gages were mounted 
across the width of arrester material. 
The dynamic gages were mounted 
back-to-back with gages 1 and 5 
closest to the end of the approaching 
crack and gages 4 and 8 nearest 
the far edge of the specimen. The 
influence of the approaching crack 
is most evident in the behavior of 
gages 1 and 5 while the buckling 
at the far edge of the plate can be 
seen easily in the response of gages 
4 and 8. 

In the various records obtained 
from the specimens tested in this 
series, strain magnitudes from two 
to three times the yield strain were 
observed on the plate surface in the 
vicinity of the tip of the fast-moving 
crack, but little permanent set 
occurred when these high strains 
were developed rapidly and existed 
for an extremely short period of 
time, as in the starter material. 
During brittle-fracture propagation, 
there was little evidence of change 
in the strain level across the un- 
cracked portion of the plate beyond 
the localized influence of the crack 


front. Speed-detector records in- 
dicated that the brittle crack ap- 
peared to reach an approximately 
constant velocity within the first 
6 in. of propagation. The average 
speeds measured in these specimens 
were, for the most part, within the 
range of 2800 to 3800 fps. 

The fractured surface always had 
a typical brittle appearance in the 
E, Z, and X steels. In contrast 


west 


to the brittle appearance of the 
fractured surface of the rimmed 
and semikilled steels, the fractured 
surface of the T steel was always on 
a 45-deg plane, indicating a shear- 
type mode of failure. This abrupt 
change in fracture surface, as the 
crack passed from the starter ma- 
terial to the tough material, is 
shown in Fig. 5c. 

In all of these tests, the reduction 
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Fig. 4—Instrumentation and record—Test 16 





Fig. 5—Termination of brittle crack in various 6-ft wide specimens with T steel arresters 
(a) Test 11, 24-in. crack. (b) Test 15, 36-in. crack, (c) Test 13, 36-in. crack 
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Fig. 6—Six-ft wide specimens with 60-in. width of C steel tested at 20,000 psi 


(a) Test 29, +33°F. (b) Test 28, +16° F. 


of thickness in the starter and 
filler materials (Steels E, Z and X) 
varied from approximately '/, to 
2%. However, reduction in plate 
thickness as high as 11% was 
measured in the strakes of T steel 
where the fracture had traversed 
or partially penetrated the arrester 
material. For strakes of T steel 


not penetrated by a propagating 
crack, the measured reduction in 
beyond 


thickness was about 1% 
the end of the crack. 


C-steel Arresters 

For all tests with this type of 
arrester material, a 12-in. wide 
starter strip uf Z steel was used. 
This width of material was chosen 
in order to minimize the effects of 
redistribution and drop-off in load 
that were associated with the devel- 
opment of longer crack lengths in 
this type of specimen. Since pre- 
vious crack-speed measurements in- 
dicated that the fracture speed 
rose to a more or iess constant 
value during the first 6 in. of propa- 
gation, a 12-in. width was considered 
ample to develop a rapidly propa- 
gating brittle crack. Various widths 
of C steel (6, 18 and 60 in.) were 
butt welded with E7016 electrodes 
to a 12-in. width of Z steel and 
enough X steel to complete a 72-in. 
wide specimen. In most cases, the 
average stress on the net section 
for these tests was 20,000 or 28,000 
psi and the temperature varied 
from +1 to +39° F. The results 
of the tests of specimens with C 
steel as the arrester material are 
summarized in Table 2. 

In all specimens except two (tests 
28 and 29, where 3- and 4-in. long 
submerged cracks in the C steel 
were evident), the propagating brit- 
tle crack was entirely accepted or 
completely refused by the weld and 
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(c) Test 25, +1° F. 


strake of C steel; there was no case 
in which the strake of C steel was 
penetrated and partially fractured 
by the propagating crack. This 
change in behavior occurred over a 
narrow temperature range and may 
be seen for the specimens containing 
a 60-in. width of C steel in Fig. 6 
when the applied stress was 20,000 
psi and in Fig. 7 when the applied 
stress was 28,000 psi. 

Figure 8 shows the results for 
the two tests in which a 6-in. width 
of C steel was used. At an average 


temperature of +16° F, a 6-in. 
wide strake of C steel arrested a 
propagating crack under an applied 
stress of 20,000 psi but fractured 
when the applied stress was in- 
creased to 28,000 psi. In speci- 
mens containing an 18-in. width of 
C steel, the transition in behavior 
from complete fracture to complete 
arrest occurred between +27 and 
+38° F when the applied stress was 
20,000 or 28,000 psi as shown in 
Figs. 9 and 10. 

The arrester test results with C 





Table 2—Selected Tests of 6-ft Wide Welded-arrester Specimens 


Containing C-steel Strakes 
Width of Ma- 

Specimen terial, in. 
(test) Starter Arrester ksi 
RCN-1 (24) 12 60 25.0 
RCN-2 (25) 12 60 20.4 
RCN-4 (27) 12 60 32.0 
RCN-5 (28) 12 60 20.0 


RCN-6 (29) 12 60 20.0 


RCN-7 (30) 12 60 28.0 
RCN-8 (31) 60 
RCN-10 (33) 12 60 
RCN-11 (34) 12 60 
RCN-15 (38) 12 60 
RCN-16 (39) 12 6 
RCN-17 (40) 12 6 
RCN-18 (41) 12 18 
RCN-19 (42) 12 18 
RCN-20 (43) 12 18 


RCN-21 (44) 12 18 
RCN-22 (45) 12 18 


Average 
stress, 


Average 
tempera- 
ture, °F. Remarks 
—22 Complete brittle fracture. 
+1 Complete brittle fracture. 
+12 Complete brittle fracture. 
+16 Crack propagated 12 in. to 
weld (3-in. submerged crack 
visible in C steel). 
+33 Crack propagated 12 in. to 
weld (4-in. submerged crack 
visible in C steel). 
+33 Crack propagated 12 in. to 
weld 
+17 Crack propagated 12 in. to 
weld. 
+14 Crack propagated 12 in. to 
weld. 
+ 2 Complete brittie fracture. 
+ 8 Complete brittle fracture. 
+15 Crack propagated 18 in. 
(across C steel) to second 
weld. 
+17 Crack propagated 12 in. to 
weld. 
+16 Complete brittle fracture. 
+26 Complete brittle fracture. 
+38 Crack propagated 12 in. to 
weld. 
+28" Complete brittle fracture. 
+3% Crack propagated 12 in. to 
weld. 





@ Liquid nitrogen used to subcool the notch just prior to testing 





Fig. 7—Six-ft wide specimens with 60-in. width of C steel tested at 28,000 psi 


(a) Test 30, +33°F. (b) Test 31, +17° F. 


steel are summarized in Fig. 11. 
It is evident that this steel exhibits 
a complete and abrupt transition 
in behavior when subjected to the 
influence of a propagating crack 
under various temperatures. Ap- 
parently the behavior of this ma- 
terial is not greatly influenced by a 
variation in average stress from 
20,000 to 28,000 psi but is substan- 
tially influenced by a relatively small 
change in temperature. 

The reduction in plate thickness 
along the crack path varied from 1 
to 2% in the Z-steel starter material 


and from 1 to 3% in the strakes 
of C steel which had fractured com- 


pletely. Where the crack was ar- 
rested by the buttweld and not 
visible in the C steel, the reduction 
in thickness of the arrester material 
was extremely small and only meas- 
urable adjacent to the weld.® 
In tests 28 and 29, where 3- and 
4-in. long submerged cracks were 
developed in the C steel, the reduc- 
tion in plate thickness was as much 
as 6% in the C steel. 

In all cases, the fractured sur- 
faces exhibited a typical brittle 
appearance and were always at 
90 deg to the plane of the plate. 
The texture of the fractured surface 
varied intermittently from smooth 
to coarse in all steels used and 
showed no particular pattern with 
regard to roughness. The typical 
chevron markings, characteristic of 
brittle fractures, were evident on 
the surfaces of the completely 
fractured specimens. 

With the data from the large- 
scale crack-arrester specimens as a 
basis for comparison, the possible 
relationship of other criteria to these 
results was investigated. Drop- 
weight, explosion-bulge, and Charpy 
V-notch tests were conducted on 
the plates of C steel used in this 
invesitgation. All of the data from 


(c) Test 34, +2° F 


Charpy V-notch impact tests, drop- 
weight tests (which provide the 
NDT temperature), and explosion- 
bulge tests (which provide FTE and 
FTP temperatures) are plotted in 
Fig. 12 for each of the plates of C 
steel used. Also shown are the 
FTE range (estimated 30 to 60° 
F higher than NDT) and the FTP 
range (estimated 80 to 120° F 
higher than NDT). For plate 12-3 
it is evident that the actual value of 
FTE falls in the middle of the esti- 
mated FTE range. 

Other investigators’* have car- 
ried out extensive drop-weight, ex- 
plosion-bulge and Charpy V-notch 
tests and related them to the 
National Bureau of Standards find- 
ings for fractured ship plates. In 
addition, for other steels such as 
fully killed ABS Class C normalized 
steel, the measured NDT was ob- 
served to correlate with Charpy 
V-notch energy levels of 15-24 
ft-lb, and 20 ft-lb was considered 
to be a conservative value. From 
a limited number of tests, the NDT 
reported by these investigators for 
an ABS Class normalized steel 
was —20° F while the reported 
FTE and FTP temperatures were 
+20 and +80° F, respectively. 

From tests of drop-weight speci- 
mens taken from the C steel plates 
used in this investigation, NDT’s 


of —20, —30 and —20° F were 
obtained from plates 12-1, 12-2 and 
12-3 respectively. These results are 
in good agreement with the previ- 
ously mentioned NDT of —20° 
F reported for ABS Class C nor- 
malized steel. However, from Fig. 
12, it is evident that the NDT for 
each of these plates corresponds 
to an energy level of 30-35 ft-lb 
and thus does not agree with the 
suggestion that the temperature 
at the 20 ft-lb Charpy V-notch gives 
a conservative value of NDT.* 

In addition, the crack-arrester 
results have been plotted by test 
number in Fig. 12 according to the 
plate from which the strake of 
arrester material came. In each 
case, the transition in behavior ob- 
served in the crack-arrester tests 
occurred within the estimated FTE 
temperature range. For the tem- 
perature at which this transition 
in behavior occurred, the corre- 
sponding Charpy V-notch energy 
levels were about 45 ft-lb in plate 
12-1, 55-ft Ib in plate 12-2 and 
65-ft lb in plate 12-3, indicating 
that, when used in these crack- 
arrester specimens, the transition 
in behavior for C steel did not relate 
to a closely fixed value of absorbed 
energy in the Charpy V-notch im- 
pact test. 

The percent shear-surface area 


Fig. 8—Six-ft wide specimens with 6-in. width of C steel 
(a) Test 39, +15° F, 28,000 psi. (b) Test 40, +17° F, 20,000 psi 
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in the broken Charpy V-notch speci- 
ment is another possible index for 
material behavior. Measurements 
of percent shear area have been 
plotted in Fig. 12, and, at the tem- 
perature at which the crack-arrester 
tests exhibit a transition, are approx- 
imately 45, 55 and 65% for plates 
12-1, 12-2 and 12-3, respectively. 
Apparently the behavior of these 
specimens did not relate to a partic- 
ular value of percent shear area 
either. 

Some investigators’ have com- 
pared the data available on carbon 
structural steel from welded ships 
with the lateral expansion measure- 
ments on the compression side of a 
Charpy specimen directly opposite 
the notch. When compared with 
the data related to the ‘“‘source’’- 
plate behavior in the NBS ship- 
plate-fracture correlations, similar 
energy levels from Charpy V-notch 
tests on equal-strength material 
indicated close correspondence with 
the 10-mil level of lateral expansion. 
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Also, a lateral expansion of about 20 
mils was found to give some indica- 
tion of correlating well with the 
energy levels that have been pro- 
posed for killed and low-alloy steels. 
The results of lateral-expansion 
measurements on the compression 
side of the Charpy V-notch speci- 
mens from this investigation have 
been plotted in Fig. 12. In these 
tests, a lateral expansion of about 
30 mils in the Charpy bar was 
measured at the actual NDT for 
this fully killed and normalized 
steel. Furthermore, based on the 
temperature at which a transition 
in the crack-arrester test results 
occurs, the accompanying lateral 
expansion in the Charpy bar varies 
from approximately 45 to 60 mils. 
These values of lateral expansion 
seem to be substantially more than 
might have been expected for this 
material. 


Summary 
With tests of 6-ft wide crack- 


arrester specimens, it has been 
possible in this program to observe 
the ability of two materials to arrest 
a propagating brittle crack in a 
relatively large member. By the 
addition of drop-weight, explosion- 
bulge and extensive Charpy V-notch 
specimen tests, the values of these 
various criteria that relate to the 
results from large-scale crack- 
arrester tests have been studied. 
From the tests of specimens con- 
taining a strake of tough T steel, it 
appears that a propagating brittle 
crack is initially arrested or slowed 
down in the butt weld joining the 
starter and arrester material. Sub- 
sequent progress of the crack and 
the extent of penetration in the T 
steel depend primarily on the sever- 
ity of the resulting eccentric load and 
the width of the arrester material. 
For crack lengths of 24 in. or less, 
the resulting eccentric load does not 
create, in the region at the end of 
the crack, a strain increment suffi- 
cient to advance the fracture beyond 


Fig. 9—Six-ft wide specimens with 18-in. width of C steel 


tested at 28,000 psi. (a) Test 43, +38°F. 


(b) Test 42, +26° F 


Fig. 10—Six-ft wide specimens with 18-in. width of C steel 
tested at 20,000 psi. (a) Test 45,}4-39°F. (b) Test 44, +28°F 
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Fig. 11—Fracture-arrest results for all specimens containing C steel strakes 
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the initial point of arrest. 

For crack lengths of 36 in. or 
greater, the resulting eccentric load 
created severe bending (with corre- 
sponding buckling at the far edge) 
and sufficiently high strain in the 
region at the end of the crack to 
extend the crack. The ability of 
the remaining section to absorb high 
strain depends primarily upon the 
width and strength of the tough 
steel available. 

In the tests of specimens contain- 
ing C steel as an arrester material, a 
brittle crack (which had propagated 
12 in.) was either entirely accepted 
or completely refused by the strake 
of C steel. Apparently, the arrest- 
ing ability of this steel is not greatly 
affected by a variation in the aver- 
age applied stress but is quite 
strongly influenced by the tempera- 
ture of the material. 

A transition in behavior from 
complete fracture to complete arrest 
occurred between +10 and +35° F 
for specimens containing 6-, 18- 
and 60-in. wide strakes of C steel. 
When these data were compared 
with results from drop-weight and 
explosion-bulge tests the transition 
in each case occurred within the 
FTE temperature range. 

The results from the tests of 
crack-arrester specimens containing 
C steel were also compared with the 
values of various criteria obtained 
from tests of Charpy V-notch speci- 
mens. At the transition tempera- 
ture obtained in the crack-arrester 
tests, the corresponding values of 
Charpy V-notch criteria ranged 


from 45 to 65 ft-lb absorbed energy, 
45 to 65% shear and 45 to 60 mils 
lateral expansion. The values of 
these criteria that correspond to the 
transition in behavior of the arrester 
specimens are considerably more 
than would have heretofore been 
expected for a fully killed and nor- 
malized steel, indicating that ex- 
treme care and discretion must be 
used in assigning significant values 
to these criteria when applied to 
the behavior of killed and nor- 
malized steels. 
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Preheating carbon-moly tubing with Victor Model J27 torch 
and Type 28 heating nozzle at Besler Corp., Emeryville, Calif 


The man on the job likes Victor torch flexibility 


Flexibility is built into all Victor 
torches, regardless of size. Here, for ex 

ample, Series J torches are being used 
to preheat, then weld %” O.D. with 
.095” wall tubing for steam generators 

With a change of nozzles and tips these 
same torches braze and solder... with 
the addition of a cutting attachment, 
can be used for light cutting applica- 
tions and occasional short jobs up to 
approximately 2” steel. 


Profitable 


Victor Series 100 torches for medium- 
duty work and the famous Series 300 
for tough, heavy work, give you this 
same flexibility heating, welding, 
brazing, soldering, cutting. All 3 sizes, 
with proper cutting attachment, can be 
used with oxygen-acetylene, oxygen- 
propane, oxygen-city or natural gas 


Ask your Victor dealer for a demon 

stration now. You'll see for yourself how 
Victor torches answer all your welding 
and cutting needs 


Welding *%” O.D. with .095” wall tube 
into generator coil, using Model J27 
torch and Type 17 welding nozzle with 
oxy-acetylene. 


dealerships open in a few areas; inquire now. 


VICTOR EQUIPMEN] COMPANY 


Mfrs. of welding & cutting equipment: high pressure and large volume gas regulators; hardfac- 
ing rods, blasting nozzies; cobalt & tungsten castings; straightline and shape cutting machines 


ng 
ing 


844 Folsom St., San Francisco 


1145 E. 76th St., Chicago 19 


). C. Menzies & Co., Wholly-Owned Subsidiary 


For details, circle No. 31 on Reader information Card 


7 + 3821 Santa Fe Avenue, Los Angeles 58 





AIRCO’S NEW HI-LO CONTROL 


FOR MACHINE TORCHES 
gives you substantial gas savings 


IT SAVES GAS BECAUSE YOU CAN GET 

e proper preheat flow for starting a cut 

¢ minimum flow for balance of cut 

The Duplex HI-LO Control enables the flame cutting 

machine operator to vary preheat oxygen and fuel gas 

during the cutting operation ... from a heavy preheat 

at the start to a lighter preheat once the cut is under- 

way. Less oxygen and fuel gas are consumed. 
Additional bonuses are faster starts and quality cuts 


AIR REDUCTION SALES COMPANY 


A division of Air Reduction Company, incorporated 
150 East 42nd Street, New York 17, N.Y. 


Offices and authorized dealers in most principal cities 


free from melted-down edges and warpage. 

The Duplex HI-LO is simple to operate, and moderate 
in cost. A Single HI-LO is also available for adjusting 
preheat oxygen only when low pressure fuel gas is used 
with injector-type torches. Both can be used with all 
Airco flame cutting machines. 


For more information, call your nearest Airco district 
office or authorized Airco dealer. They are listed in the 
Yellow Pages under “Welding Equipment and Supplies.” 


On the west coast— 

Air Reduction Pacific Company 
internationally— 

Airco Company International 
in Cuba— 

Cuban Air Products Corporation 
in Canada— 

Air Reduction Canada Limited 

All divisions or subsidiaries 

of Air Reduction Company, inc. 





For details, circle No. 32 on Reader Information Card 








